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ཁࢫ
ຊݚڀ͸ɼߴप೾ϛοΫευγάφϧ LSIΛ࢖༻ͨ͠ແઢ௨৴୺຤ʹ
͓͍ͯɼLSIνοϓ͔ΒύοέʔδɾϘʔυɼ·ͨͦΕΒΛؚΉ௨৴γε
ςϜશମΛߟྀʹೖΕͨϊΠζͷӨڹͷධՁɾղੳख๏Λཱ֬͢Δ͜ͱ
Λ໨తͱ͍ͯ͠ΔɽεϚʔτϑΥϯͳͲʹ୅ද͞ΕΔߴੑೳ௨৴୺຤ͷ
૿ՃͱڞʹɼແઢʹΑΔσʔλ௨৴͸େ෯ʹ্ঢ͖͍ͯͯ͠Δɽ͜ͷঢ়
گʹରԠ͢ΔͨΊʹɼΑΓߴ଎ͳ௨৴Λ࣮ݱ͢Δୈ 3.9ੈ୅ͷLTE (Long
Term Evolution)΍ୈ 4ੈ୅ͷLTE-Advancedͱ͍ͬͨ௨৴ํ͕࣮ࣜ༻Խ
͞Ε͖͍ͯͯΔɽ͔͠͠ɼ͜ΕΒͷن֨͸ߴ଎ͳ௨৴Λ࣮ݱ͢ΔҰํͰɼ
֤௨৴୺຤ʹରͯ͠ߴ͍ੑೳΛཁٻ͢Δ΋ͷͰ͋Δɽ
ۙ೥ͷ੡଄ϓϩηεඍࡉԽͷਐలʹΑͬͯɼLSIͷখ໘ੵԽɼߴ଎Խɼ
௿ফඅిྗԽ͕ՄೳʹͳΓɼ৽͍͠௨৴ن֨Λຬͨ͢͜ͱͷग़དྷΔߴੑ
ೳͳ SoC (System on a Chip)ͷ։ൃ͕ߦΘΕΔΑ͏ʹͳ͍ͬͯΔɽSoC
౳ͷΞφϩάճ࿏ͱσδλϧճ࿏͕ಉҰνοϓʹ഑ஔ͞ΕΔ LSIʹ͓͍
ͯ໰୊ʹͳΔݱ৅͕ɼσδλϧճ࿏͔ΒΞφϩάճ࿏ʹ఻ΘΔϊΠζͰ
͋Δɽσδλϧճ࿏ͷಈ࡞ʹΑͬͯൃੜ͢Δٸफ़ͳిྲྀফඅͰൃੜͨ͠
ిѹɾిྲྀมಈ͕ɼ༷ʑͳ݁߹ܦ࿏Λ௨ΓΞφϩάճ࿏ʹ౸ୡ͢Δ͜ͱ
ͰΞφϩάճ࿏ͷੑೳΛྼԽͤ͞ɼ࠷ऴతʹγεςϜੑೳͷྼԽʹͭͳ
͕Δͱߟ͑ΒΕΔɽϊΠζͷ݁߹ܦ࿏ʹ͸༷ʑͳ΋ͷ͕ߟ͑ΒΕ͍ͯΔɽ
ྫ͑͹ɼిྲྀ͕ൃੜͤ͞Δ࣓ؾΛ௨ͨ͡ܦ࿏΍ɼిѹมಈ͕ύοέʔδ
΍Ϙʔυʹඈͼग़͔ͯ͠ΒΞϯςφ౳ͷ৴߸഑ઢʹ৵ೖ͢Δܦ࿏͕͋Δɽ
ͦΕΒͷதͰɼಛʹߴप೾ͰӨڹ͕ڧ͘ͳΔͱߟ͑ΒΕ΋ͷ͕ɼLSI͕ܗ
੒͞ΕΔγϦίϯج൘ͷ݁߹Ͱ͋Δɽ͋Δճ࿏͕ൃੜͨ͠ϊΠζ͕ p-well
΍ n-well౳Λ௨Γɼଞͷճ࿏ʹର͠ӨڹΛ༩͑Δ͜ͱΛج൘Ϋϩετʔ
Ϋͱ͍͏ɽ͜ͷج൘ΫϩετʔΫ͸ SoC౳ͷಉҰج൘ʹ༷ʑͳճ࿏͕഑
ஔ͞ΕΔΑ͏ͳLSIಛ༗ͷݱ৅ͱ͍͑ΔɽγϦίϯج൘ࣗମ͸جຊతʹ఍
߅ͱ༰ྔͷ݁߹Ͱදݱ͕Ͱ͖ɼ·ͨɼج൘ͱ֤ճ࿏ૉࢠͷ݁߹͸PNδϟ
ϯΫγϣϯ༰ྔ΍ج൘ͱ഑ઢؒͷ༰ྔ౳Ͱ͋Γ༰ྔੑͱݴ͑Δɽ༰ྔੑ
ͷ݁߹͸ɼߴ͍प೾਺Ͱ͸Πϯϐʔμϯε͕খ͘͞ͳΔͨΊج൘Λ௨͡
ͨ݁߹͸ڧ͘ͳΔɽͦͷͨΊɼߴप೾ྖҬΛ࢖༻͢Δ LTE౳ͷແઢ௨৴
Ͱ͸Өڹ͕େ͖͘ͳΔͱߟ͑ΒΕΔɽߴप೾Λར༻͢Δແઢ௨৴୺຤ʹ
͓͍ͯج൘ΫϩετʔΫ͸௨৴ੑೳʹ͓͍ͯɼଟେͳӨڹΛ༩͑Δͱ༧
ii
૝͞ΕΔɽج൘ΫϩετʔΫͷӨڹʹؔͯ͠͸ଟ͘ͷධՁɾղੳख๏͕
ఏҊ͞Ε͍ͯΔ͕ɼϊΠζͷൃੜͱ఻ୡ͸ύοέʔδ΍Ϙʔυͱ͍ͬͨ
LSI֎ͷΠϯϐʔμϯεʹେ͖͘ґଘ͢ΔͨΊɼLSIઃܭ࣌ʹઃܭऀ͕ج
൘ΫϩετʔΫͷӨڹʹղੳ͠ɼద੾ͳվྑΛՃ͑ͯ੡଄͢Δͱ͍͏ઃ
ܭϓϩηε͸ඇৗʹࠔ೉Ͱ͋Γɼ࣮ࡍʹ͸ઃܭऀͷܦݧʹཔΓઃܭΛߦ
͍ɼ੡଄ޙʹධՁ͠վྑΛՃ͑Δͱ͍͏͜ͱ͕΄ͱΜͲͰ͋Δɽ
ຊݚڀͰ͸ɼߴप೾ແઢ௨৴༻ LSIʹର͢Δج൘ΫϩετʔΫղੳʹ
ඞཁͳجຊσʔλͰ͋ΔγϦίϯج൘ͱγϦίϯج൘-ૉࢠؒͷ݁߹ͷϞ
σϦϯάख๏Λཱ֬͠ɼߴप೾Ξφϩά SoCͰͷج൘ΫϩετʔΫղੳ
ख๏ΛఏҊ͢Δɽ·ͨɼج൘ΫϩετʔΫͷӨڹͷ௨৴γεςϜϨϕϧ
ͰͷධՁΛߦ͏ͨΊͷγεςϜΛఏҊ͢Δɽ࣮ࡍʹͦͷγεςϜΛ༻͍ɼ
σδλϧճ࿏ͷϊΠζʹΑΔγεςϜ΁ͷӨڹ͕Ͳͷఔ౓͋Δͷ͔ɼ·ͨ
Ͳͷఔ౓ͷσδλϧճ࿏ΛࡌͤΔͱγεςϜʹӨڹ͕͋Δͷ͔ධՁ͢Δɽ
·ͣɼղੳͷͨΊʹඞཁͱͳΔج൘݁߹ͷධՁղੳख๏Λཱ֬͢Δͨ
Ίʹɼߴप೾ͰͷγϦίϯج൘ٴͼج൘ͱૉࢠͱͷ݁߹ΛධՁɾղੳΛ
ߦ͏ɽଌఆͰ͸ɼγϦίϯج൘-ૉࢠؒͷ݁߹ଌఆ༻ͷνοϓΛ 65nmͷ
CMOSϓϩηεͰࢼ࡞͠ଌఆΛߦͬͨɽ͜ͷνοϓʹ͸ 2ϙʔτͷ Sύ
ϥϝʔλଌఆΛߦ͏ͨΊͷૉࢠ͕౥ࡌ͞Ε͓ͯΓɼ఍߅ɾ༰ྔɾΠϯμΫ
λɾNMOSͷγϦίϯج൘݁߹ධՁ͕ߦ͑Δɽ͜ͷνοϓʹରͯ͠ɼߴ
प೾ଌఆͷͨΊʹGSG(Ground-Signal-Ground)ϓϩʔϒΛ༻͍ɼ2ϙʔ
τͷωοτϫʔΫΞφϥΠβͰଌఆΛߦͬͨɽ͜ͷ࣮ݧͰɼଌఆ݁ՌΛཧ
ղ͠΍͘͢͢ΔͨΊʹКܕ౳Ձճ࿏ϞσϧԽΛߦ͍ɼͲͷΑ͏ͳ݁߹͕
͋Δͷ͔Λ۩ମతͳ఍߅஋΍༰ྔ஋ͰධՁग़དྷΔࣄΛࣔͨ͠ɽղੳͰ͸ɼ
ղੳϞσϧͱͯ͠ɼγϦίϯج൘ɼγϦίϯج൘-ૉࢠؒ݁߹ɼ͓Αͼप
ғ؀ڥΛϞσϧԽͨ͠ɽղੳख๏͸ɼSύϥϝʔλղੳΛ༻͍ɼ2ϙʔτ
ωοτϫʔΫΞφϥΠβͷଌఆͱಉ༷ͷ݁Ռ͕ಘΒΕΔΑ͏ʹͨ͠ɽଌ
ఆɾղੳ݁Ռͷൺֱ͔ΒɼύογϒૉࢠͰ 3dBҎԼɼΞΫςΟϒૉࢠͰ
6dBҎԼͷਫ਼౓Ͱղੳ͕ՄೳͰ͋Δ͜ͱΛࣔͨ͠ɽ
࣍ʹɼ࣮૷͞Εͨঢ়ଶͷ SoC্Ͱɼج൘ΫϩετʔΫ͕ͲͷΑ͏ͳӨ
ڹΛ RFճ࿏Λ༩͑Δͷ͔Λղੳ͢ΔͨΊͷϑϩʔͷ։ൃͱ࣮ଌͱͷൺ
ֱΛߦͬͨɽ͜ͷ SoC͸RFΞφϩάड৴ճ࿏ (RX)ͱ೚ҙࡶԻൃੜճ࿏
(ANG: Arbitrary Noise Generator)ͱΦϯνοϓϞχλճ࿏ (OCM: On-
Chip Monitor)ؚ͕·Ε͍ͯΔɽ͜ͷ SoCͷRX͸ LTE༻ͷड৴ճ࿏Ͱ
͋Γɼೖྗ͞Εͨߴप೾ड৴৴߸Λ૿෯ɾμ΢ϯίϯόʔτͨ͠ޙɼΞ
φϩά৴߸ͱͯ͠ग़ྗ͢ΔɽANG͔Βൃੜͨ͠ϊΠζ͕RXͷ௨৴ଳҬ
iii
ʹ৵ೖ͢Δ͜ͱͰɼΞφϩάճ࿏΁ͷӨڹΛධՁ͢Δ͜ͱ͕Ͱ͖Δɽ͞
ΒʹOCMΛ༻͍ͯج൘্ͷϊΠζ೾ܗΛऔಘ͠ɼ࣮ࡍʹϊΠζ͕Ͳͷ
Α͏ʹ৵ೖ͍ͯ͠Δͷ͔ΛධՁՄೳͰ͋Δɽ͜ͷ SoC͸BGA (Ball Grid
Array)Ͱύοέʔδϯά͞ΕɼϘʔυ্ʹ࣮૷͞Ε͍ͯΔɽ͜ͷ SoCͷ
γϦίϯνοϓͱBGAͷ഑ઢɼϘʔυ্ͷ഑ઢͷղੳϞσϧΛ࡞੒͠ղ
ੳΛߦͬͨɽج൘্ͷϊΠζ೾ܗͷղੳ݁ՌΛ OCMʹΑΔଌఆͱൺֱ
͢ΔͱɼిѹͷPeak-to-peak஋Ͱ 19.2%Ҏ಺ͷޡࠩͰղੳ͕ߦ͓͑ͯΓɼ
ج൘্ͷϊΠζ఻ୡ͸े෼ʹղੳ͕ՄೳͰ͋Δͱࣔͨ͠ɽ͞Βʹɼճ࿏
ૉࢠ௚ԼͷγϦίϯج൘্ͷϊΠζ೾ܗΛղੳͰऔಘ͠ɼΞφϩάճ࿏
΁ج൘ϊΠζΛೖྗ͢Δ͜ͱͰ࣮૷ΛؚΜͩղੳΛՄೳͱͨ͠ɽ
࠷ޙʹɼ௨৴γεςϜ΁ͷج൘ϊΠζͷӨڹධՁγεςϜͷ։ൃΛߦ
͍ɼ࣮ࡍʹσδλϧճ࿏ͷϊΠζ͕γεςϜʹ༩͑ΔӨڹΛఆྔతʹධՁ
͢Δख๏Λཱ֬ͨ͠ɽର৅ͱͨ͠௨৴༻ LSI͸ɼલஈͰड़΂ͨ SoCͱಉ
͡΋ͷͰ͋Δɽ௨৴γεςϜΛධՁ͢ΔͨΊʹɼLTE৴߸Λૹ৴͢Δج
஍ہ΍୺຤಺Ͱμ΢ϯίϯόʔτޙͷ৴߸Λԋࢉ͢Δϕʔεόϯυϩδο
ΫΛ໛ٖՄೳͳγεςϜϨϕϧγϛϡϨʔλΛ࢖༻͠ɼLTE௨৴γες
ϜશମΛ໛ٖͨ͠ɽANGͷϊΠζΛLTE৴߸ʹॏ৞ͤ͞৴߸඼࣭ΛྼԽ
ͤͨ͞ঢ়ଶͰγεςϜੑೳΛଌఆ͢Δ͜ͱͰɼνοϓ಺ϊΠζͷӨڹΛड
͚ͨ௨৴γεςϜͷੑೳΛධՁ͢Δ͜ͱ͕Ͱ͖Δɽͦͷ݁ՌɼANGͷൃ
ੜ͢ΔϊΠζྔͷ૿ՃͱڞʹɼγεςϜϨϕϧͷධՁࢦඪͰ͋Δεϧʔ
ϓοτ (THP)͕ྼԽ͢Δࣄ͕֬ೝͰ͖ɼ௨৴γεςϜϨϕϧͰͷνοϓ
಺ϊΠζ଱ੑධՁΛ࣮ݱͨ͠ɽ·ͨɼ͜ͷ݁ՌΛ༻͍Δ͜ͱͰɼ͜ͷ௨
৴γεςϜʹରͯ͠ڐ͞ΕΔ࠷େͷσδλϧճ࿏ಈ࡞ΛٻΊΒΕΔ͜ͱ
Λࣔͨ͠ɽ
ߴੑೳͳҠಈମ௨৴୺຤ͷधཁ͕૿Ճ͢Δͱڞʹɼ௨৴γεςϜ༻LSI
ͷ੡଄ʹ͓͚ΔϊΠζධՁɾղੳٕज़͸ࠓޙ͞Βʹॏཁͱͳͬͯߦ͘΋ͷ
ͱߟ͑ΒΕΔɽຊݚڀʹΑͬͯɼ௨৴γεςϜϨϕϧͰͷϊΠζ଱ੑධ
Ձ΍ɼࢼ࡞લʹ࣮૷ஈ֊ͷϊΠζ଱ੑੑೳΛղੳ͢Δ͜ͱ͕ग़དྷΔɽ͜
ΕΒͷٕज़Λ LSIઃܭ࣌ʹ࢖༻͢Δ͜ͱͰɼνοϓͷ੡଄ίετͷ௿ݮ
΍γεςϜϨϕϧͰͷߴੑೳԽ͕ظ଴Ͱ͖Δɽ
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1.1 ݚڀഎܠ
ݱࡏɼεϚʔτϑΥϯ౳ͷແઢ௨৴୺຤ͷීٴʹΑͬͯɼແઢ௨৴୺
຤্Ͱͷಈը΍Իָ౳ͷେ༰ྔίϯςϯπͷࢹௌ͕Ұൠతʹͳ͖ͬͯͯ
͓ΓɼͦΕʹͱ΋ͳͬͯແઢ௨৴ͷσʔλτϥϑΟοΫ͕ٸ૿͍ͯ͠Δɽ
2013೥ݱࡏͷCisco Visual Networking IndexʹΑΔ༧૝Ͱ͸ɼશੈքͷ
ϞόΠϧσʔλτϥϑΟοΫ͸ɼ2012೥࣌఺Ͱͷ 0.9 EBʹର͠ɼ2017೥
ʹ͸ 11.2 EBͱ໿ 12ഒʹ΋ͳΔͱ༧ଌ͞Ε͍ͯΔ (ਤ 1.1)ɽ
ਤ 1.1: Cisco Visual Networking IndexʹΑΔϞόΠϧػثͷ௨৴τϥ
ϑΟοΫͷมԽ༧ଌ (2013೥ݱࡏ)[1]
͜Ε͔Βى͜ΔٸܹͳσʔλτϥϑΟοΫͷ૿ՃʹରԠ͢ΔͨΊʹɼୈ
3.9ੈ୅ͷLTE(Long Term Evolution)΍ୈ4ੈ୅ͷLTE-Advancedͱ͍ͬ
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ͨߴ଎େ༰ྔͳ௨৴ن͕֨ 3rd Generation Partnership Project(3GPP)ʹ
Αͬͯඪ४Խ͞Εɼ࣮༻Խ͞Ε͍͍ͯͬͯΔ [2][3]ɽLTEͷಛ௃ͱͯ͠ɼ
௨৴प೾਺͸ߴप೾ (RF:Radio Frequency)ྖҬɼ௨৴ଳҬ෯͸ 5MHz ∼
20MHzɼ௨৴ํࣜ͸Ұ࣍มௐʹҐ૬ภҠมௐ (QPSK:Quadrature Phase
Shift Keying)΍௚֯Ґ૬ৼ෯มௐ (QAM:Quadrature Amplitude Modu-
lation)ɼೋ࣍มௐʹ௚ަप೾਺෼ׂଟॏ (OFDM:Orthogonal Frequency-
Division Multiplexing)ͱ͍ͬͨσδλϧมௐํࣜΛ࠾༻͍ͯ͠Δ (ਤ 1.2(a)(b))ɽ
ਤ 1.2(a)͸ 64 QAMͷΠϝʔδΛ͍ࣔͯ͠ΔɽQPSK΍QAM͸ର৅ͷ
σδλϧσʔλΛ I৴߸ͱQ৴߸ʹΑͬͯදݱ͢ΔํࣜͰ͋Δɽਤ 1.2(b)
͸ɼOFDM৴߸ͱͦͷ෮ௐΛ͍ࣔͯ͠Δɽप೾਺ f0ຖʹɼQPSK΍QAM
౳Ͱมௐͨ͠৴߸Λ࡞੒͠ɼͦΕΒΛ߹੒͢Δ͜ͱͰෳ਺ͷσʔλΛ࣋ͬ
ͨOFDM৴߸Λ࡞੒͢Δɽͨͩ͠ɼ͜ͷ৴߸߹੒ͷਤ͸໛ࣜతͳਤͰ͋
Γɼ࣮ࡍͷOFDM৴߸ੜ੒͸ٯϑʔϦΤม׵Λߦ͏͜ͱͰ࣮ݱ͍ͯ͠Δɽ
෮ௐͰ͸ɼड৴͞Εͨ OFDM৴߸ΛϑʔϦΤม׵͠प೾਺ຖʹ෼཭͢
Δ͜ͱͰ෮ௐΛߦ͏ɽ·ͨɼLTEͰ͸ਤ 1.2(c)ʹࣔ͢MIMO(Multiple-
Input and Multiple-Output)΋࠾༻͍ͯ͠ΔɽMIMO͸ෳ਺ͷΞϯςφ͔
Βҟͳͬͨ৴߸Λಉ࣌ʹૹΓɼෳ਺ͷΞϯςφͰͦΕΒΛड৴͠௨৴ͷ޿
ଳҬԽΛߦ͏΋ͷͰ͋Δɽ͜ΕΒͷٕज़Λ࢖͏͜ͱͰɼLTEͷن֨Ͱ͸௨
৴ͷϐʔΫσʔλϨʔτ͸ԼΓͰ 300 MbpsҎ্ͱͳ͓ͬͯΓɼߴ଎ͳ௨
৴͕Մೳʹͳ͍ͬͯΔɽ͔͠͠ɼҰํͰγεςϜ΍୺຤ͷઃܭऀ͔ΒݟΕ
͹ඇৗʹߴ౓ͳઃܭٕज़Λཁ͢Δ΋ͷͱͳ͍ͬͯΔɽLTEͰ͸-100dBm
ͱ͍͏ඇৗʹখ͞ͳύϫʔͷ৴߸ʹରͯ͠εϧʔϓοτ 95%Ҏ্ͷ௨৴
ੑೳΛอূ͠ͳ͚Ε͹ͳΒͳ͍ͨΊɼΞφϩάճ࿏ͷߴײ౓Խ͸౰વͳ
͕ΒɼγεςϜશମͱͯ͠ͷੑೳ΋ߟྀʹೖΕͳ͚Ε͹ͳΒͳ͍ͱ͍͏
໰୊͕ൃੜ͢Δɽ
Ұൠʹσδλϧճ࿏͔Βൃੜ͢ΔϊΠζ͸ɼϊΠζʹऑ͍Ξφϩάճ
࿏ͷੑೳʹӨڹΛ༩͑Δ͜ͱ͕஌ΒΕ͍ͯΔɽͦͷͨΊɼσδλϧճ࿏
͕ൃੜͨ͠ϊΠζ͕Ξφϩάճ࿏ʹ৵ೖ͠৴߸඼࣭ΛྼԽͤ͞Δͱ͍͏
͜ͱ͕ूੵճ࿏ (LSI:Large Scale Integration)ͷઃܭͰ͸ৗʹ໰୊ͱͳͬ
͍ͯΔɽͦͷΑ͏ͳதͰɼઌʹड़΂ͨ LTEʹ࢖༻͞Ε͍ͯΔٕज़͸͍ͣ
Ε΋σδλϧճ࿏ن໛Λ૿େͤ͞Δ΋ͷͱͳ͍ͬͯΔɽOFDMͷม෮ௐ
ʹ͸ϑʔϦΤม׵ɾٯϑʔϦΤม׵ͱ͍ͬͨେن໛ͳԋࢉճ࿏͕ඞཁʹ
ͳΓɼҰ࣍มௐํࣜ΋ 128 QAM·ͰରԠ͍ͯ͠ΔͨΊɼߴ଎Ͱߴ෼ղೳ
ͳσδλϧɾΞφϩάม׵ث (DAC:Digital to Analog Converter)΍Ξφ
ϩάɾσδλϧม׵ث (ADC:Analog to Digital Converter)͕ඞཁͱͳΔɽ
1.1. ݚڀഎܠ 3
MIMOͰ 4× 4·ͰରԠ͢Δ͕ɼMIMO͸ҰͭͷΞϯςφͰҟͳͬͨ৴
߸Λಉ࣌ʹड͚ΔͨΊɼͦΕΒΛ෼཭͢ΔͨΊͷσδλϧճ࿏͕ඞཁʹ
ͳΔɽ·ͨɼ౰વෳ਺ͷૹड৴ճ࿏Λ੍ޚ͢ΔͨΊͷσδλϧճ࿏౳΋
૿Ճ͢Δɽͭ·ΓɼLTE͸ߴ଎ͳ௨৴γεςϜͰ͸͋Δ͕ɼͦΕʹ࢖༻
͞ΕΔσδλϧճ࿏ن໛΋૿େ͢ΔͨΊɼσδλϧճ࿏͔ΒΞφϩάճ
࿏΁ͷϊΠζ΋૿େ͢Δͱߟ͑ΒΕΔɽ
LTEͷγεςϜʹ࢖༻͞ΕΔٕज़ͱ LSIͷؔ܎Λड़΂͕ͨɼεϚʔτ
ϑΥϯ౳ͷແઢ௨৴୺຤ʹٻΊΒΕΔ඼࣭ͱͯ͠ɼখ໘ੵɾߴ଎ɾ௕࣌
ؒಈ࡞ɾ௿ίετ͕ڍ͛ΒΕΔɽ͜ΕΒΛ࣮ݱ͢ΔͨΊʹ͸Ұൠతʹɼ
SoC(System on a Chip)΍ϛοΫευγάφϧLSIͱ͍ͬͨҰͭͷνοϓ
Ͱ༷ʑͳػೳΛ࣮ݱ͢Δ LSIΛ༻͍Δ͜ͱ͕ଟ͍ɽSoC΍ϛοΫευγ
άφϧ LSI͸ಉҰγϦίϯ্ʹΞφϩάճ࿏ͱσδλϧճ࿏͕ࠞࡏ͠γ
εςϜͱͯ͠ͷػೳΛՌͨͨ͢Ίɼνοϓࣗମͷখ໘ੵԽ΍࣮૷Ϙʔυ
ͷখ໘ੵԽ͕ظ଴Ͱ͖Δɽ·ͨνοϓ಺Ͱ׬݁͢ΔͨΊ֤ճ࿏ؒͷ഑ઢ
Πϯϐʔμϯε͕௿͘ͳΓɼ૬ޓͷ৴߸఻ୡ͕ߴ଎Ͱ͋ΔͨΊߴੑೳԽ
͕ݟࠐ·ΕΔɽ
ݱࡏͷɼूੵճ࿏ͷඍࡉԽٕज़ͷਐలʹΑͬͯɼେن໛ͳσδλϧճ
࿏ͱߴײ౓ͳ RFΞφϩάճ࿏ΛಉҰνοϓ্ʹ੡଄͢Δ͜ͱ͕Մೳʹ
ͳ͖͍ͬͯͯΔ [4–9]͕ɼΞφϩάճ࿏ͱσδλϧճ࿏͕ಉҰγϦίϯج
൘্ʹ഑ஔ͞ΕΔ͜ͱ͸ྑ͍͜ͱ͚ͩͰ͸ͳ͍ɽ
Ξφϩάճ࿏ͱσδλϧճ࿏͕ಉҰγϦίϯج൘ͱ͍͏ۙ๣ʹ഑ஔ͞
ΕΔͨΊɼΞφϩάճ࿏΁ͷϊΠζͷӨڹ΋େ͖͘ͳΔɽσδλϧճ࿏
ʹ͓͚ΔϊΠζൃੜݪཧ͸ɼσδλϧճ࿏ͷಈ࡞ʹΑͬͯൃੜ͢Δٸफ़
ͳফඅిྲྀ͕഑ઢΠϯϐʔμϯεΛ௨Δ͜ͱʹΑͬͯɼిݯిѹ߱ԼΛ
Ҿ͖ى͜͢ిݯϊΠζͰ͋ΔɽϊΠζͷ఻೻ܦ࿏ʹ͸༷ʑͳ΋ͷ͕༗Γɼ
ిྲྀ͕࣓৔Λൃੜ࣓ͤ͞քͰ݁߹Λ͓࣓͜͢ք݁߹΍ɼύοέʔδ΍Ϙʔ
υ͔ΒճΓ͜Ή΋ͷ౳͕͋Δɽ͜ΕΒͷ఻೻ܦ࿏ͷதͰɼߴ͍प೾਺ʹ
ͳΔ΄ͲӨڹ͕େ͖͘ͳΔͱߟ͑ΒΕΔͷ͕ج൘ϊΠζͰ͋Δɽج൘ϊ
Πζ͸γϦίϯج൘Λ௨ͯ͡఻ୡ͢ΔϊΠζͷ͜ͱͰ͋Γɼ·ͨɼ͋Δ
ճ࿏͔Βൃੜͨ͠ϊΠζ͕ผͷճ࿏΁఻ୡͦ͠ͷճ࿏ʹѱӨڹΛ͓Α΅
͢͜ͱΛج൘ΫϩετʔΫͱ͍͏ɽ͜ͷγϦίϯج൘͸఍߅ͱ༰ྔͰϞ
σϧԽͰ͖ɼγϦίϯج൘ͱճ࿏ͷ݁߹͸PNδϟϯΫγϣϯ༰ྔ΍ج൘
ͱϝλϧͷ഑ઢͷΑ͏ͳ༰ྔ݁߹ͱͳ͍ͬͯΔͨΊɼߴप೾ʹͳΔ΄Ͳ
Πϯϐʔμϯε͕ݮগ͢Δ [10, 11]ɽͦͷͨΊɼγϦίϯج൘͸ߴप೾ͷ
௨৴༻Ξφϩάճ࿏Λ౥ࡌͨ͠ SoCͰ͸େ͖ͳӨڹΛ΋ͭϊΠζͷܦ࿏
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ͩͱߟ͑Δ͜ͱ͕ग़དྷΔɽ͜ͷج൘ΫϩετʔΫͷӨڹͷධՁɾղੳʹ
͍ͭͯ͸༷ʑͳݚڀ͕ݱࡏਐΊΒΕ͍ͯΔɽ͔͠͠ɼج൘ΫϩετʔΫ
౳ͷϊΠζͷΞφϩάճ࿏΁ͷӨڹධՁ͸޿͘ߦΘΕ͍ͯΔ͕ɼLTE౳
ͷ௨৴ن֨Ͱ͸εϧʔϓοτͱݴͬͨγεςϜੑೳͰن֨Խ͕͞Ε͍ͯ
ΔͨΊɼΞφϩάճ࿏ͷΈͷධՁ͚ͩͰ͸ෆे෼ͱ͍͑Δɽྫ͑͹ɼSoC
ͷ৔߹ͳΒ͹ɼνοϓͷධՁΛߦ͏ͱ͖ʹΞφϩάճ࿏ಛੑ͚ͩͰͳ͘ɼ
σδλϧճ࿏΋ಉ࣌ʹಈ࡞͠ϊΠζ͕Ξφϩάճ࿏΁৵ೖ͍ͯ͠ΔΑ͏
ͳঢ়گͰɼγεςϜϨϕϧͰͷੑೳ΋ߟ͑ͯߦΘͳ͚Ε͹ͳΒͳ͍ɽͦ
ͷͨΊɼLSI͔ΒγεςϜ·ͰΛแׅతʹධՁɾ਍அ͢ΔͨΊͷٕज़͕ඞ
ཁͱͳͬͯ͘Δɽ
ͦ͜Ͱຊ࿦จͰ͸ɼSoCʹ͓͚ΔϊΠζ଱ੑ਍அɾղੳʹ஫໨͠ɼ࣮
૷ঢ়ଶʹ͋Δ SoC্Ͱͷνοϓ͔ΒγεςϜ·ͰΛؚΜͩج൘ϊΠζͷ
ӨڹͷධՁɾղੳΛ࿦͡Δɽ
1.2 ैདྷݚڀ
͜ͷઅͰ͸ɼैདྷݚڀͱͯ͠ج൘ΫϩετʔΫͷධՁɾϞσϦϯάख
๏ٴͼ௨৴γεςϜͷੑೳධՁख๏ʹ͍ͭͯઆ໌Λߦ͏ɽ
1.2.1 ج൘ΫϩετʔΫ
1990೥ॳΊࠒ͔Βج൘ΫϩετʔΫղੳ͸஫໨͞Ε͓ͯΓ [12, 13]ɼൃ
ੜɼ఻೻͓ΑͼӨڹͱ͍͏ 3ͭͷ໘͔Β࿦͡ΒΕ͍ͯΔ [14–16]ɽ͜͜Ͱ
͸ɼͦΕΒͷ 3ͭͷཁૉͷϞσϦϯάख๏Λղઆ͍ͯ͘͠ɽ·ͨɼແઢ௨
৴ճ࿏΁ͷϊΠζͷӨڹͷධՁ΍ɼLSIνοϓ্Ͱͷج൘ΫϩετʔΫͷ
ӨڹͷධՁɾղੳ͸γεςϜϨϕϧ΍νοϓϨϕϧͳͲ༷ʑͳஈ֊Ͱ࣮
ࢪ͞Ε͓ͯΓɼͦΕΒͷҰ෦Λ঺հ͢Δɽ
1.2.1.1 ൃੜ:ϊΠζൃੜݯɾϞσϦϯάख๏
ΦϯνοϓϞχλٕज़ σδλϧճ࿏ͷಈ࡞͸Ұൠతʹ͸ΫϩοΫप೾
਺ɼಈ࡞ిѹ΍ফඅిྲྀ౳ͰධՁ͕ͳ͞ΕΔ͕ɼϊΠζͷൃੜݯͱͯ͠
ߟ͑ͨ࣌ʹ͸ɼిݯ഑ઢ্ͷACతͳಛੑΛධՁɾղੳ͢Δ͜ͱ͕ඞཁͱ
ͳΔɽ·ͨɼ֎෦͔ΒϘʔυ্഑ઢͷిѹมಈଌఆΛߦ͏͜ͱ΋ग़དྷΔ
͕ɼϫΠϠϘϯσΟϯά΍ύοέʔδɼϘʔυͷΠϯϐʔμϯεͷӨڹ
ʹΑͬͯɼνοϓ্ͷిѹมಈͱ͸ҟͳΔͨΊɼج൘ΫϩετʔΫͷղ
1.2. ैདྷݚڀ 5
ੳʹ͸༻͍Δ͜ͱ͕ग़དྷͳ͍ɽಛʹΠϯμΫλϯε΍༰ྔͷӨڹ͕େ͖
͘ͳΔߴप೾ଳҬͰ͸֎෦ΠϯϐʔμϯεͷӨڹ͕ݦஶͰ͋ΔͨΊશ͘
ҟͳͬͨ೾ܗͱͳΔɽͦ͜ͰߟҊ͞Εͨͷ͕ɼνοϓ্ͷిѹΛଌఆ͢
ΔͨΊͷΦϯνοϓϞχλ (On-Chip Monitor)ٕज़Ͱ͋Δɽ
ΦϯνοϓϞχλ͸༷ʑͳ΋ͷ͕ߟҊ͞Ε͓ͯΓɼ਺ྫΛઆ໌͢Δɽ·
ͣͻͱͭʹɼνοϓ಺ͷిѹมಈΛిྲྀʹม׵͠֎෦ʹग़ྗ͠ଌఆΛߦ
͏ख๏͕͋Δ [17–19]ɽ͜ͷख๏Ͱ͸ɼଌఆର৅ͷిѹ͸ѻ͍΍͍͢ిѹ
ʹిѹγϑτ͞ΕͨޙɼిѹΛిྲྀʹม׵͠ΧϨϯτϛϥʔճ࿏Λ༻͍
ϛϥʔϦϯάޙɼ֎෦ʹग़ྗ͞ΕΔɽͦͷޙϘʔυ্ͷ఍߅Ͱిѹ΁࠶
ม׵͞ΕɼΦγϩείʔϓ౳Ͱిѹͱͯ͠ଌఆ͞ΕΔɽߴ͍प೾਺ʹͳ
Δͱ഑ઢΠϯμΫλϯεͷӨڹ͕େ͖͘ͳΓɼిྲྀ஋͕มԽͨ͠Γɼ·
ͨɼϫΠϠϘϯσΟϯά౳ʹ֎෦͔ΒͷϊΠζ͕ҹՃ͞ΕΔͳͲͷ໰୊
఺΋͋ΔɽϊΠζ͕ϦΞϧλΠϜͰ؍ଌͰ͖Δ͜ͱ΍ɼଌఆ͕࣌ؒ୹͍
౳ͷϝϦοτ͕ڍ͛ΒΕΔɽ
࣌ؒ෼ղೳ͕ߴ͍ΦϯνοϓϞχλͱͯ͠͸ɼपظతͳిѹΛϥον
ίϯύϨʔλͰ܁Γฦ͠ൺֱ͢Δ͜ͱͰɼνοϓ಺ͰσδλϧԽΛߦ͏
ख๏͕͋Δ [20–23]ɽ͜ͷख๏ʹ͸पظతͳϊΠζʹ͔͠ରԠग़དྷͳ͍͜
ͱ΍ɼԿ౓΋ൺֱΛߦ͏ͨΊଌఆ͕࣌ؒ௕͘ͳΔͱݴͬͨσϝϦοτ͸
͋Δ͕ɼ࣌ؒ෼ղೳ͕ߴ͍͜ͱ΍ɼԿ౓΋ൺֱΛߦ͏ͨΊಥൃతͳϊΠ
ζͷӨڹΛແࢹͰ͖Δͱ͍͏ϝϦοτ΋͋Δɽ͜ͷख๏͸ຊݚڀͰ΋ओ
ʹ࢖ΘΕ͍ͯΔख๏Ͱ͋Γɼୈ 3,4ষͰৄࡉʹઆ໌͢Δɽ
͜ͷΑ͏ʹ༷ʑͳΦϯνοϓͰͷϊΠζଌఆٕज़͕ଘࡏ͢Δ͕ɼ֤ख
๏ʹ͸ϝϦοτɾσϝϦοτ͕ଘࡏ͢ΔͨΊɼࣗ෼͕ͲͷΑ͏ͳϊΠζ
ΛධՁ͍ͨ͠ͷ͔ΛݟۃΊͯ࢖༻͢Δ΂͖Ͱ͋Δɽ
ϊΠζݯϞσϦϯάख๏ σδλϧճ࿏͔Βൃੜ͢ΔϊΠζΛղੳ͢Δ৔
߹ɼϊΠζൃੜྔ͸ͦͷԋࢉʹґଘ͢ΔͨΊɼͦΕΒղੳ͢Δա౉ղੳ͕
ඞཁͱͳΔɽ·ͨɼ֤τϥϯδελʹྲྀΕΔిྲྀ஋͕ϊΠζྔʹؔΘͬͯ
͘ΔͨΊɼ͢΂ͯͷτϥϯδελϨϕϧͷϞσϧͱͯ͠ಈ࡞ͤ͞ΔΑ͏ͳ
ղੳ͕ཧ૝Ͱ͋Δɽ͔͠͠ɼσδλϧճ࿏ن໛͕େ͖͍৔߹ɼτϥϯδε
λϨϕϧͰ͢΂ͯղੳΛߦ͏Α͏ͳϊΠζϞσϧ͸ݱ࣮తͰ͸ͳ͍ɽͦͷ
ҝɼԿΒ͔ͷํ๏Ͱந৅Խ͞ΕͨϊΠζݯϞσϧΛ࡞੒͢Δ͜ͱʹͳΔɽ
ͦΕΒͷख๏Λઆ໌͢ΔɽిݯͱGNDؒʹϊΠζͷిྲྀݯͱճ࿏ͷΠϯ
ϐʔμϯεϞσϧΛૠೖ͢Δ͜ͱͰϞσϧԽ͢Δํ๏͕ఏҊ͞Ε͍ͯΔ
[24–27]ɽ͜ͷख๏͸Apacheࣾͷج൘ϊΠζղੳπʔϧ TotemͷϊΠζ
ݯϞσϦϯάͰ΋औΒΕ͍ͯΔ [28]ɽ·ͨɼσδλϧճ࿏ͷిྲྀফඅΛ༰
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ྔͷॆిաఔͱͯ͠ϞσϧԽ͠ɼಈ࡞λΠϛϯάຖʹ༰ྔ஋͕มԽ͢Δ༰
ྔྻΛ࡞੒͢Δ͜ͱͰిྲྀ஋Λղੳ͢ΔɼTSDPC(Time-Series Charging
of Divided Parasitic Capacitance)Ϟσϧ͕ఏҊ͞Ε͍ͯΔ [23, 29, 30]ɽ
1.2.1.2 ఻೻:γϦίϯج൘ϞσϦϯάख๏
γϦίϯج൘ϞσϦϯάख๏ͱͯ͠͸༷ʑͳख๏͕։ൃ͞Ε͍ͯΔɽ
νοϓͷج൘ΠϯϐʔμϯεΛܭࢉ͢Δํ๏ͱͯ͠ϚΫε΢Σϧํఔࣜ
͔Βಋ͘ํ๏͕Α͘࢖ΘΕ͍ͯΔ [16, 31–35] ΄͔ɼج൘ͷ఍߅஋͔Β௚
઀ٻΊΔ΋ͷ [36]͕ఏҊ͞Ε͍ͯΔɽ୯७ͳܗঢ়ͷϞσϧͰ͸ɼର৅ͱͳ
Δ 2ͭͷϓϩʔϒ఺ͷؒΛКܕͷϞσϧͱͯ݁͠߹͍ͯ͠Δ΋ͷ [37]΍ɼ
4ͭ΄Ͳͷগͳ͍ύϥϝʔλ͔ΒϞσϧΛ࡞੒͢Δ΋ͷ [38]͕ఏҊ͞Εͯ
͍ΔɽPNδϟϯΫγϣϯ݁߹ΛԾ૝తʹ p+ʹ͠ 2఺ؒͷڑ཭͕Ԇͼͨ
݁߹ͱΈͳͨ͠ϞσϦϯά΋ఏҊ͞Ε͍ͯΔ [39]ɽ·ͨɼMOSͷBulk୺
ࢠ΍ p+ͱ n+ͷσΟϑϡʔδϣϯͷϓϩʔϒ఺Λ୯Ұͷϊʔυͱͯ͠ɼ2
ͭͷૉࢠؒͷ఍߅ΛϞσϧԽ͍ͯ͠Δྫ΋͋Δ [40–42]ɽૉࢠۙ๣ͷϞσ
ϦϯάͰ͸ɼϚϧνϑΟϯΨʔͷMOSFET಺ͷج൘݁߹ΛϞσϧԽ͢Δ
ͨΊͷख๏΋ఏҊ͞Ε͍ͯΔ [43]ɽ͜ΕΒ͸୯७ͳMOSFETૉࢠͱۙ๣
ͷج൘·ͰͷΠϯϐʔμϯεΛϞσϧԽ͓ͯ͠ΓɼΑΓҰൠతʹղੳΛ
ߦ͏ʹ͸ճ࿏ΛؚΉج൘શମΛϞσϧԽ͢Δඞཁ͕͋ΔɽνοϓϨϕϧ
ͰͷղੳΛߦ͏ͨΊʹɼج൘શମΛ 3࣍ݩͷϝογϡߏ଄ͱͯ͠Ϟσϧ
Խ͢Δख๏͕͋Δɽ͜ΕΒ 3࣍ݩతͳϞσϦϯάख๏͸ߴਫ਼౓͕ͩճ࿏
ن໛͕େ͖͍ͨΊɼճ࿏ͷ࡟ݮख๏΋ಉ࣌ʹ਺ଟ͘ఏҊ͞Ε͍ͯΔɽ୯
७ͳ΋ͷͰ͸ɼνοϓͷ 3࣍ݩϝογϡͷද૚͸ബ͍૚ʹ͠ɼਂ͘ͳΔ
΄Ͳ෼ް͍૚ʹϞσϧԽ͢Δ΋ͷ [36]͕͋Δɽ·ͨɼج൘ωοτϫʔΫ
ͷϊʔυ਺࡟ݮख๏ͱͯ͠ɼج൘Λϝογϡঢ়ʹ੾ΓɼFߦྻ΍Ξυϛο
λϯεߦྻͱͯ͠ϞσϧԽͨ͠ΓɼߦྻԋࢉΛߦ͏͜ͱͰճ࿏ن໛Λॖ
খ͢Δख๏ [24, 44–49]͕ఏҊ͞Ε͍ͯΔɽϝογϡͷ੾ΓํΛඇۉҰʹ
͠ɼج൘ΠϯϐʔμϯεϞσϧΛ࡞੒͢Δྫ΋͋Δ [50–53]ɽ
1.2.1.3 Өڹ:ճ࿏΁ͷϊΠζͷӨڹͷධՁɾղੳख๏
લઅͰγϦίϯج൘ͷϞσϦϯάख๏͸༷ʑ͋Δͱઆ໌͕ͨ͠ɼճ࿏
ʹର͢Δج൘ϊΠζͷӨڹͷධՁ͸ͲͷΑ͏ͳݚڀ͕ͳ͞Ε͍ͯΔͷ͔
Λઆ໌͢Δɽૉࢠ୯ମʹର͢Δղੳͱͯ͠ɼMOSFETۙ๣ͷ఍߅ΛϞ
σϧԽ͠MOSFETͷಈ࡞Λిྲྀݯͱͯ͠ղੳΛߦ͍ͬͯΔ΋ͷ [54]΍
MOSFETͷ SPICEϞσϧʹγϦίϯج൘ϞσϧΛ઀ଓͯ͠ߦ͍ͬͯΔ
1.2. ैདྷݚڀ 7
΋ͷ [40]͕ఏҊ͞Ε͍ͯΔɽ·ͨɼडಈૉࢠ୯ମͱͯ͠͸ૉࢠ໘ੵ͕େ
͖͘γϦίϯج൘ͷӨڹΛड͚΍͍͢ΠϯμΫλͷج൘ΛؚΜͩϞσϦ
ϯά͕ߦΘΕ͍ͯΔ [55, 56]ɽ͜ΕΒͷݚڀͰ͸γϦίϯج൘ͱΠϯμΫ
λͷؒʹ͋Δ༰ྔ౳ΛϞσϧԽ͠γϦίϯج൘Ϟσϧͱ઀ଓ͢Δ͜ͱͰ
ղੳΛߦ͍ͬͯΔɽ
ػೳΛ࣋ͬͨճ࿏΁ͷӨڹͱͯ͠͸ɼσδλϧճ࿏ͷग़͢ిݯϊΠζ
͕ Phase Locked Loop(PLL)ճ࿏ʹྲྀΕ͜Ή͜ͱͰ PLLʹδολΛൃੜ
ͤ͞ɼͦͷӨڹΛղੳ͍ͯ͠Δݚڀ͕༗Δ [57]ɽPLL͸ΫϩοΫͳͲΛੜ
੒͢Δൃৼճ࿏ͷൃ৴प೾਺Λ҆ఆͤ͞ΔͨΊͷճ࿏Ͱɼ༷ʑͳ LSIʹ
༻͍ΒΕ͍ͯΔͷجຊతͳճ࿏Ͱ͋Δɽ͜ͷྫͰ͸ɼిݯܥʹ͍ͭͯ 3छ
ྨ΄Ͳ࡞੒ͯ͠ධՁ͠ɼPLLΛτϦϓϧ΢Σϧ಺ʹ࡞੒͠ p-typeͷج൘
͔Β෼཭͢Δ͜ͱ͕ॏཁͱ͍ͯ͠Δɽ·ͨɼΞφϩάճ࿏΁ͷӨڹղੳ
ͱͯ͠ɼϊΠζͷൃੜͱճ࿏΁ͷӨڹղੳΛ෼཭ͨ͠ղੳख๏΋ఏҊ͞
Ε͍ͯΔ [58]ɽ
Ξφϩάճ࿏΁ͷӨڹͷղੳͱͯ͠ɼप೾਺υϝΠϯͰͷੑೳ͕ॏཁ
ͳճ࿏ʹରͯ͠͸प೾਺υϝΠϯͰͷղੳ͕࣮ࢪ͞Ε͍ͯΔɽσδλϧͷ
ϊΠζൃੜݯΛνοϓ্ʹ࡞੒͠ɼͦͷϊΠζʹΑͬͯࠩಈͷLow Noise
Amplifiers(LNA)ͷಈ࡞΁ͷӨڹΛप೾਺ྖҬͰଌఆɾղੳΛߦ͏΋ͷ΍
[59]ɼγϦίϯج൘ϞσϧΛࢢൢͷπʔϧΛ༻͍ͯϞσϧԽ͠ɼप೾਺ྖ
ҬͰͷ݁߹ͱͯ͠දݱ͠ղੳͨ͠ख๏ [60]͕ఏҊ͞Ε͍ͯΔɽ
1.2.2 ௨৴γεςϜͷϊΠζ଱ੑධՁɾղੳख๏
1.2.2.1 ௨৴γεςϜੑೳͷධՁղੳख๏
௨৴γεςϜશମͷੑೳղੳͰ͸ҰൠతʹγεςϜϨϕϧγϛϡϨʔ
λ͕࢖༻͞Ε͍ͯΔɽAgilentࣾͷADS(Advanced Design System)[61]΍
System Vue [62]Ͱ͸γεςϜίϯϙʔωϯτͷϏϔΠϏΞϞσϧΛ࢖༻
͠ɼίϯϙʔωϯτͷύϥϝʔλΛઃఆ͢Δ͜ͱͰ૝ఆ͍ͯ͠Δ௨৴γ
εςϜͷੑೳΛධՁ͢Δ͜ͱ͕Մೳʹͳ͍ͬͯΔɽͳ͓ɼ͜ΕΒͷதʹ
τϥϯδελϨϕϧͷճ࿏ΛऔΓࠐΉ͜ͱ΋Մೳͱͳ͓ͬͯΓɼઃܭ͠
ͨճ࿏ΛγεςϜ಺ʹೖΕͨ࣌ͷγεςϜશମͷੑೳղੳ΋ߦ͏͜ͱ͕
ग़དྷΔɽ·ͨɼ֤ػೳΛղੳతͳϞσϧͱͯ͠දݱ͠ɼղੳΛߦ͍ͬͯ
Δ΋ͷ΋ଟ͋͘Δɽ૿෯ثͷඇઢܗੑ͕γεςϜʹ༩͑ΔӨڹΛ਺஋ղ
ੳతʹBER(Bit Error Ratio)Ͱղੳ͍ͯ͠Δ΋ͷ͕͋Δ [63]ɽ
͋Δճ࿏΍୺຤ΛɼγεςϜʹؚΜͩ࣌ͷੑೳଌఆͱͯ͠͸ɼ࠷ऴతʹ
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ج஍ہΛ༻͍ɼ࣮ ࡍʹੑೳΛܭଌ͢Δඞཁ͕͋Δɽ͠ ͔͠ɼઃܭ࣌ʹ͸ͦͷ
Α͏ͳେن໛ͳ࣮ݧ͸ߦ͏ͷ͸ࠔ೉Ͱ͋ΓɼͦΕΒΛ໛ٖ͢ΔΑ͏ͳධՁ
ख๏͕औΒΕΔɽ͜ ͷΑ͏ͳ࣮ࡍͷػثͷੑೳධՁख๏ʹɼHILS(Hardware
in the Loop Simulation)͕͋ΔɽHILSͱ͸ɼղੳ؀ڥͷதʹ࣮ࡍͷػث
ΛؚΉղੳख๏·ͨ͸ɼ࣮ධՁ؀ڥͷதʹԾ૝؀ڥΛؚΉଌఆख๏ͱ͍
͑Δɽྫ͑͹ɼղੳͰ͸ԋࢉྔ͕๲େʹͳͬͯ͠·͏෦෼ͷ࣮ػԽ΍ɼධ
ՁͰ࣮؀ڥΛ༻ҙ͢Δ͜ͱ͕೉͍͠෦෼ΛԾ૝؀ڥͱ࣮ͯ͠ݱ͢ΔͳͲɼ
ධՁͱղੳͷͲͪΒʹͱͬͯ΋༗ޮͳखஈͰ͋Δ [64]ɽࣗಈंͷΤϯδϯ
ͷ੍ޚ؀ڥΛԾ૝؀ڥͱͯ͠༻ҙ͠ɼ࣮ΤϯδϯͷධՁΛߦ͍ͬͯΔྫ
΍ [64]ɼߴ଎ʹҠಈ͢Δ୺຤ʹର͢Δ௨৴ੑೳͷධՁΛߦ͏ͱ͖ʹɼߴ଎
ʹҠಈ͢Δ؀ڥΛ࡞੒͢Δͷ͕ࠔ೉Ͱ͋ΔͨΊɼ୺຤͕Ҡಈ͢Δ఻೻ܦ
࿏ΛԾ૝తʹ࡞੒͠ɼධՁΛߦ͍ͬͯΔ΋ͷ͕͋Δ [65]ɽ
1.2.2.2 ௨৴γεςϜͷϊΠζ଱ੑධՁɾղੳ
௨৴γεςϜ΁ͷϊΠζͷӨڹʹ͍ͭͯ΋࿦͡ΒΕ͓ͯΓɼͦΕΒ͸
ओʹղੳతͳख๏ͰߦΘΕ͍ͯΔɽྫ͑͹ɼOFDMͷ௨৴νϟωϧ಺ʹ
Additive White Gaussian Noise(AWGN)ΛՃ͑ͨ࣌ͷɼSNൺʹର͢Δ
௨৴γεςϜੑೳΛBERΛ਺஋ղੳతʹٻΊ͍ͯΔྫ͕͋Δ [66]ɽ
1.3 ݚڀͷ֓ཁͱຊ࿦จͷߏ੒
ຊઅͰ͸ຊݚڀͷ֓ཁͱຊ࿦จʹ͓͚Δষߏ੒Λઆ໌͢Δɽຊ࿦จͷ
ٕज़త಺༰͸ 2ষ͔Β 4ষͷ 3ͭͷষ͔Β੒Δɽୈ 2ষͰ͸ɼج൘ϊΠζ
ղੳͷͨΊͷγϦίϯج൘Ϟσϧͷ࡞੒ख๏ͱγϦίϯج൘ͱૉࢠͱͷ
݁߹ͷධՁɾϞσϧԽख๏ʹ͍ͭͯ࿦ͣΔɽୈ 3ষͰ͸ɼ࣮૷͞Εͨແઢ
௨৴༻ SoCͰͷج൘ϊΠζղੳख๏ʹ͍ͭͯड़΂Δɽୈ 4ষͰ͸ɼLTE
ͷ SoCνοϓ͔Β௨৴γεςϜΛؚΜͩج൘ϊΠζධՁγεςϜʹ͍ͭ
ͯड़΂Δɽ
1.3. ݚڀͷ֓ཁͱຊ࿦จͷߏ੒ 9
I
Q
(a)
(b)
(c)
送信 受信
Freq.
f0
2f0
3f0
4f0
f0 2f0 3f0 4f0
OFDM信号
f0 間隔でQPSK や QAMの信号を生成
復調 (FFT)
復調された信号
合成
ਤ 1.2: LTEʹ࢖ΘΕ͍ͯΔٕज़ͷΠϝʔδਤ (a) 64QAM (b) OFDM (c)
MIMO (2× 2)
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γϦίϯج൘-CMOSૉࢠؒ݁
߹ධՁ
2.1 ॹݴ
ۙ೥ͷߴػೳͳܞଳ୺຤΍PCɼՈిͷීٴʹΑͬͯɼLSI(Large Scale
Integrated Circuit:େن໛ूੵճ࿏)ͷଟػೳԽɼখܕԽɼ௿ফඅిྗԽ͕
ٻΊΒΕ͍ͯΔ. ͦΕʹ൐͍ɼCMOS LSIͷඍࡉԽٕज़΋ඈ༂తʹ޲্͠ɼ
ߴूੵԽɼଟػೳԽɼ௿ిѹԽ౳͕Մೳʹͳ͍ͬͯΔ. ·ͨɼSoC(System
on a Chip)΍ RFճ࿏΍Ξφϩάճ࿏ͱσδλϧճ࿏͕ࠞࡌ͞Ε͍ͯΔ
ϛοΫετγάφϧ LSIͱ͍ͬͨ։ൃख๏΋ߦΘΕ͓ͯΓɼߋͳΔߴू
ੵԽɼߴػೳԽ͕͞ΕΔͱ༧૝͞ΕΔɽߴप೾ྖҬͰͷ௨৴Λߦ͏௨৴
LSI಺ͰɼRFΞφϩάճ࿏͸ΞϯςφͰૹड৴͢Δ৴߸Λॲཧ͢ΔͨΊ
ʹ࢖༻͞ΕΔͨΊɼ௨৴ੑೳʹେ͖͘ӨڹΛ༩͑Δ͜ͱʹͳΔɽଟ͘ͷ
ҟͳͬͨճ࿏͕ಉ͡ج൘্ʹ഑ஔ͞ΕΔΑ͏ͳ LSIͰ͸ɼଞͷճ࿏ͷಈ
࡞ʹΑͬͯੜͨ͡ిྲྀ͕ج൘ʹ࿙Ε͜Έɼج൘Λ௨ͯ͡ଞͷճ࿏ͷಈ࡞
ʹӨڹΛ༩͑Δج൘ΫϩετʔΫͱ͍͏ݱ৅͕ى͜Δ. γϦίϯج൘ࣗ
ମ͸Ұൠతʹ఍߅ͱ༰ྔͰදݱ͕Ͱ͖ΔɽͦΕʹରͯ͠PNδϟϯΫγϣ
ϯ༰ྔ΍ɼج൘-ϝλϧ഑ઢؒ༰ྔ౳͕઀ଓ͞Εɼճ࿏ಉ͕࢜઀ଓ͞ΕΔ
͜ͱʹͳΔɽج൘ΫϩετʔΫղੳΛߦ͏ʹ͋ͨͬͯɼඞཁͱͳΔͷ͸
ج൘ϞσϧͱૉࢠϞσϧͰ͋Δ͕ɼ௨ৗ൒ಋମ੡଄ۀ͔ࣾΒఏڙ͞ΕΔ
PDK(Process Design Kit)ʹؚ·ΕΔૉࢠϞσϧͷج൘୺ࢠ͸ૉࢠۙ๣·
ͰͷϞσϧͰ͋Δɽ·ͨجຊతͳ༻్ͱͯ͠ج൘ͷόΠΞεΛܾఆ͢Δ
ͨΊʹ༻͍ΒΕΔͨΊɼߴप೾ͰͷڍಈΛอূ͍ͯ͠Δͱ͸ݴ͍͕͍ͨɽ
ͦͷͨΊɼճ࿏ϨϕϧͰͷج൘ΫϩετʔΫղੳΛߦ͏ͨΊʹ͸ɼ·ͣ
PDKͰఏڙ͞ΕͨૉࢠϞσϧͰج൘ΫϩετʔΫղੳ͕Մೳͳͷ͔Ͳ͏
͔ΛධՁ͢Δඞཁ͕͋Δɽ
ຊষ͸ɼCMOS RFΞφϩάճ࿏ʹ͓͚Δج൘-ૉࢠؒ݁߹ͷ୯ମධՁ
Λߦ͍ɼͦͷ݁߹ϞσϧΛ࡞੒ɾධՁ͢Δ͜ͱΛ໨తͱ͢ΔɽΞϓϩʔ
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νͱͯ͠ɼج൘ΫϩετʔΫධՁ༻ͷνοϓΛ࡞੒͠ɼج൘Ϋϩετʔ
ΫͷଌఆධՁɼج൘ͷϞσϧԽɼج൘݁߹ͷϞσϧԽɼղੳʹΑΔධՁ
ΛࢼΈΔɽ
2.2 γϦίϯج൘-ૉࢠؒ݁߹ଌఆ
2.2.1 γϦίϯج൘-ૉࢠؒ݁߹
ਤ 2.1ʹγϦίϯج൘ͱૉࢠͱͷ݁߹ͷྫΛࣔ͢ɽγϦίϯج൘ͱ֤
ૉࢠͷؒʹ͸ PNδϟϯΫγϣϯ΍ج൘-Poly Siؒ݁߹΍ɼج൘-ϝλϧ
ؒ݁߹౳͕ଘࡏ͍ͯ͠Δɽجຊతʹ͸͜ΕΒ͸༰ྔੑͷ݁߹ͱͳΔͨΊɼ
ߴप೾ʹͳΔ΄ͲΠϯϐʔμϯε͕ݮগ͠ɼ݁߹ڧ౓ͱͯ͠͸ڧ͘ͳΔɽ
P/N junction
Metal
Poly Si
P+
P+ N+ P+ N+
ਤ 2.1: ج൘ͱճ࿏ͷؒͷ݁߹ͷΠϝʔδ
2.2.2 ଌఆͷํ਑
ධՁଳҬ͸ 50 MHz ∼ 8 GHzɽଌఆର৅ૉࢠ͸఍߅ɼΩϟύγλɼΠ
ϯμΫλɼn-MOSFET(n-type Metal Oxide Semiconductor Field Effect
Transistor)ɼσΟʔϓN΢Σϧ (DNW)Λ࢖༻ͨ͠NMOSτϥϯδελ
ͱ͢Δɽ֤ૉࢠʹର͠αΠζࠩ౳ΛධՁ͢ΔͨΊ਺छྨͷόϦΤʔγϣ
ϯΛ࡞੒ͨ͠ɽ·ͨଌఆڑ཭ࠩΛධՁ͢ΔͨΊʹɼج൘্ͷ৴߸஫ೖ఺
Λ 3ͭ༻ҙ͢Δɽ
2.2.2.1 جຊϨΠΞ΢τ
جຊతͳϨΠΞ΢τߏ଄Λਤ 2.2ʹࣔ͢ɽϨΠΞ΢τͷαΠζ͸769 μm×
547 μmɼଌఆૉࢠΛPج൘্ʹ഑ஔ͠ɼͦͷपғΛϝλϧͰғΈ 10 kΩ
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ͷ఍߅Λ௨͠GND΁઀ଓ͠ج൘ిҐΛ 0 Vʹ҆ఆͤ͞Δɽ10 kΩΛ௨͢
ཧ༝͸ɼૉࢠͷपғΛϝλϧͰғΈ௚઀GNDʹܨ͙ͱɼج൘͔ΒGND
΁ͷύεͷΠϯϐʔμϯε͕௿͘ͳΓɼૉࢠ΁ྲྀΕΔిྲྀ͕গͳ͘ͳͬͯ
͠·͏Մೳੑ͕͋Δ͔ΒͰ͋ΔɽࠨଆʹGSGͷ৴߸஫ೖ༻ͷPadΛ഑ஔ
͠ɼର৅ૉࢠͷଌఆ͍ͨ͠୺ࢠ΁ͱܨ͙ɽӈଆʹGSGSGSGͷج൘΁ͷ
৴߸஫ೖ༻ͷ PadΛ഑ஔ͠ɼج൘্ͷ֤৴߸஫ೖ఺΁ͱܨ͙ɽج൘΁ͷ
৴߸஫ೖ఺͸֤ϨΠΞ΢τ಺ʹDUT͔Β 20 μmɼ40 μmɼ120 μmͷҐஔ
ʹऔΓɼͦΕͧΕΛ؍ଌ఺ (OBservation point) OB1ɼOB2ɼOB3ͱఆٛ
ͨ͠ɽ্Լʹ͸όΠΞε༻ͱόΠΞεిѹଌఆ༻ͷ PadΛ༻ҙ͠ɼ֤Ϩ
ΠΞ΢τͷඞཁʹԠͯ͡഑ઢ͢Δɽ·ͨɼGNDϝογϡͰ഑ઢ͠ϨΠΞ
΢τશମΛ෴͏͜ͱ (GND Shield Metal)ʹΑΓɼՄೳͳ͔͗ΓGNDΛ
҆ఆԽͤ͞ΔΑ͏ʹͨ͠ɽ·ͨɼ֤৴߸Padɼ৴߸഑ઢԼ૚ʹGNDϝο
γϡΛ഑ઢ͠ɼ৴߸ Pad͔Βج൘΁௚઀ిྲྀ͕ྲྀΕΔ͜ͱ͕ແ͍Α͏ʹ
ͨ͠ɽ߲͔࣍Β֤ଌఆର৅ૉࢠͷϨΠΞ΢τΛࣔͯ͠Ώ͘ɽ
ਤ 2.2: ධՁϨΠΞ΢τߏ଄֓ཁ
2.2.2.2 ఍߅
ਤ 2.3ʹ఍߅ͷଌఆ༻ϨΠΞ΢τͷΠϝʔδਤΛࣔ͢ɽ఍߅͸ 50 Ωͷ
఍߅ΛධՁର৅ͱͨ͠ɽ·ͨɼجຊͱͳΔ 50 Ω఍߅ૉࢠΛ࡞੒͠ɼਤ 2.3
ͷΑ͏ʹ୯Ұͷ఍߅ΛΞϨΠ্ʹ഑ஔ͢Δ͜ͱʹΑΓɼ఍߅஋͸ಉ͕ͩ͡
14 ୈ 2ষ γϦίϯج൘-CMOSૉࢠؒ݁߹ධՁ
αΠζ͕ҟͳΔϨΠΞ΢τΛ࡞੒ͨ͠ɽ഑ஔ͢Δ਺͸ɼ4×4, 7×7, 10×10
ͱ͠ɼϨΠΞ΢τ໊ΛͦΕͧΕR50 16ɼR50 49ɼR50 100ͱͨ͠ɽ
(c)
(a) (b)
ਤ 2.3: ఍߅ͷධՁߏ଄ (a)ߏ଄Πϝʔδ (b) ϨΠΞ΢τͷΠϝʔδ (c)
ϨΠΞ΢τஅ໘ਤ
2.2.2.3 ༰ྔ
ਤ 2.4ʹ༰ྔͷଌఆ༻ϨΠΞ΢τͷΠϝʔδਤΛࣔ͢ɽ༰ྔʹ͸ n-
MOSFET VaractorΛ࢖༻ͨ͠ɽج४ͱͳΔૉࢠΛ༻ҙ͠ɼͦΕΛΞϨ
Πঢ়ʹฒ΂Δ͜ͱͰ༰ྔ஋ͷઃఆΛߦ͍ͬͯΔɽΞϨΠͷ਺͸ 2 × 4ɼ
3 × 6ɼ͓Αͼ 5 × 8ͱͳ͓ͬͯΓɼͦΕͧΕͷૉࢠͷ༰ྔ஋͸ 2 pFɼ
5 pFɼ10 pFͱͳ͍ͬͯΔɽ͜ͷૉࢠͷຊདྷͷ࢖͍ํͱͯ͠͸ɼMOSͷ
Gate༰ྔΛ࢖༻͢Δ͕͜ͷ࣮ݧͰ͸ج൘ͱͷ݁߹ͷΈΛධՁ͢ΔͨΊʹɼ
GateɼSource͓ΑͼDrain͸͢΂ͯ୹བྷ͠ɼϙʔτ 1ʹ઀ଓ͍ͯ͠Δɽͦ
ͷͨΊɼ͜ͷଌఆͰ͸γϦίϯج൘ͷP/NδϟϯΫγϣϯ༰ྔ͕ଌఆͰ
͖Δ͜ͱʹͳΔɽ
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(c)
(a) (b)
ਤ 2.4: ༰ྔͷධՁߏ଄ (a)ߏ଄Πϝʔδ (b) ϨΠΞ΢τͷΠϝʔδ (c)
ϨΠΞ΢τஅ໘ਤ
2.2.2.4 ΠϯμΫλ
ਤ 2.5ʹΠϯμΫλͷଌఆ༻ϨΠΞ΢τͷΠϝʔδਤΛࣔ͢ɽ10 nH
ͷΠϯμΫλΛର৅ͱͨ͠ɽ͜ͷΠϯμΫλͷ഑ઢͷԼ૚ʹ͸Poly Siͷ
ϓϨʔτ͕ଘࡏ͓ͯ͠Γɼ௨ৗͷ༻్Ͱ͸GNDʹ୹བྷ͢Δ͜ͱͰج൘͔
ΒͷϊΠζΛःஅ͢Δࣄ͕Ͱ͖ΔΑ͏ʹͳ͍ͬͯΔɽ͔͠͠ɼࠓճͷ࣮
ݧͰͦͷΑ͏ʹGND΁ిྲྀΛಀ͕͢ͱϙʔτ 1ɼ2ؒͷ݁߹͕ऑ͘ͳΓ
ଌఆ͕೉͘͠ͳΔɽͦ͜ͰɼPoly SiͱGNDͷؒʹ 10 kΩͷ఍߅Λૠೖ
͢Δ͜ͱͰɼPoly SiͷDCόΠΞε͸҆ఆͤ͞Δ͕ACͰ͸ϑϩʔςΟ
ϯάঢ়ଶʹͳΔΑ͏ʹઃܭΛߦͬͨɽ
2.2.2.5 n-MOSFET
ਤ 2.6 ʹ n-MOSFET ͷଌఆ༻ϨΠΞ΢τͷΠϝʔδਤΛࣔ͢ɽn-
MOSFET ʹ͸ίϞϯήʔτ (CG:Common Gate) ߏ଄ͱίϞϯιʔε
(CS:Common Source)ߏ଄ͷ 2छྨͷߏ଄Λ༻ҙͨ͠ɽ2छྨͷߏ଄͸
ͦΕͧΕɼDrainͱGateʹରͯ͠ͷଌఆΛߦ͏ϨΠΞ΢τͰ͋Δɽ
16 ୈ 2ষ γϦίϯج൘-CMOSૉࢠؒ݁߹ධՁ
(c)
(a) (b)
ਤ 2.5: ΠϯμΫλͷධՁߏ଄ (a)ߏ଄Πϝʔδ (b) ϨΠΞ΢τͷΠϝʔ
δ (c) ϨΠΞ΢τஅ໘ਤ
·ͣɼίϞϯήʔτߏ଄ͷઆ໌Λߦ͏ɽଌఆͷΠϝʔδͱஅ໘ਤ͸ͦ
ΕͧΕਤ 2.6(a)(b)ʹࣔ͞ΕΔɼίϞϯήʔτߏ଄Ͱ͸ n-MOSFETͷ
Drainͱج൘ͷؒͷ݁߹Λଌఆ͢ΔɽGateͱ Source͸GNDʹ୹བྷ͢Δ
͜ͱͰɼଌఆʹ͸ݱΕͳ͍Α͏ʹ͍ͯ͠Δɽ͜ͷ࣌ɼGate୺ࢠʹ͸όΠ
ΞεΛ͔͚ͳ͚Ε͹ͳΒͳ͍ͨΊɼϓϩʔϏϯάΛߦ͍ిѹΛ͔͚Δ͜ͱ
ʹͳΔɽ͔͠͠ɼνοϓ֎ʹऔΓग़͠ిѹΛ͔͚Δ৔߹ɼϓϩʔϒ΍έʔ
ϒϧͷΠϯϐʔμϯεʹΑͬͯGateΛཧ૝తʹGNDʹγϣʔτ͢Δ͜
ͱ͸ࠔ೉Ͱ͋Δɽͦ͜Ͱɼνοϓ಺ͰGate୺ࢠʹର͠νοϓ಺Ͱ 10 pF
ͷ༰ྔΛ઀ଓ͠ɼνοϓ಺Ͱγϣʔτ͢ΔϨΠΞ΢τͱ͍ͯ͠Δɽͳ͓ɼ
ਤ 2.6(b)ͷGate୺ࢠʹ઀ଓ͍ͯ͠ΔόΠΞεςΟʔͱ 50 Ω఍߅͸όΠ
Ξεঢ়ଶͰͷଌఆ࣌ʹڞৼ͕ൃੜ͠ɼύογϒͳ݁߹͕ଌఆͰ͖ͳ͘ͳͬ
ͨͨΊɼͦͷిྲྀΛνοϓ֎ʹऔΓग़͠ɼ50 ΩͰফඅ͠ڞৼΛ཈੍͢Δ
ͨΊͷ΋ͷͰ͋Δɽ
ਤ 2.6(c)(d)ʹίϞϯιʔεߏ଄ͷଌఆΠϝʔδͱஅ໘ਤΛࣔ͢ɽί
Ϟϯιʔεߏ଄Ͱ͸ɼGateͱج൘ͷؒΛଌఆ͢ΔɽͦͷͨΊɼDrainͱ
Source͸νοϓ಺ͰGNDʹ୹བྷ͢ΔɽDrainʹؔͯ͠͸ɼίϞϯήʔτ
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ߏ଄ͷGateಉ༷ɼνοϓ಺Ͱ 10 pFͷ༰ྔΛհͯ͠୹བྷ͢Δ͜ͱͰɼ֎
෦͔ΒόΠΞεΛ͔͚ΒΕΔΑ͏ʹ͍ͯ͠Δɽ·ͨɼόΠΞε΋ίϞϯ
ήʔτߏ଄ಉ༷ɼόΠΞεςΟʔͱ 50 ΩΛ༻͍ڞৼΛ཈͑ΔΑ͏࣮ݧΛ
ߦͬͨɽ
ਤ 2.6: MOSFETͷධՁߏ଄ (a)CGͷߏ଄Πϝʔδ (b) CG ϨΠΞ΢τ
அ໘ਤ (c) CSͷߏ଄Πϝʔδ (d) CSͷϨΠΞ΢τஅ໘ਤ
2.2.3 ଌఆख๏
2.2.3.1 ଌఆ؀ڥͱଌఆύϥϝʔλ
ଌఆʹ͸Agilentࣾ੡ͷ 2ϙʔτωοτϫʔΫΞφϥΠβɼN5230AΛ
༻͍Δɽνοϓ΁ͷϓϩʔϒ͸Cascadeࣾ੡ͷ Infinity ProbeͷGSGύ
λʔϯΛ࢖༻ͨ͠ɽଌఆͷ֓ཁΛਤ 2.7ʹࣔ͢ɽ2ϙʔτωοτϫʔΫ
ΞφϥΠβͷϙʔτ 1Λଌఆର৅ͷࠨଆ Padʹɼϙʔτ 2Λӈଆͷ Pad
ʹ઀ଓ͠ɼSύϥϝʔλͷ 2ϙʔτଌఆΛߦ͏ɽ࣮ࡍͷଌఆ෩ܠΛਤ 2.8
ʹࣔ͢ɽ
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Test layout
ਤ 2.7: ଌఆ؀ڥ֓ཁ
2.2.3.2 σΟΤϯϕοσΟϯά
ߴप೾ಛੑ͸ҰൠʹωοτϫʔΫΞφϥΠβʔΛ༻͍ͨ Sύϥϝʔλ
Ͱͷଌఆ͕Α͘ߦΘΕ͍ͯΔɽߴप೾ͷଌఆ͸ RFϓϩʔϒΛ༻͍ͯΦ
ϯ΢ΣϋʔͰߦ͏ͷͰɼଌఆ݁Ռʹϓϩʔϒͱ઀৮͍ͯ͠Δଌఆ Padͷ
دੜ੒෼ͳͲͷӨڹؚ͕·ΕΔ (ਤ 2.9)ɽͦͷͨΊଌఆ݁Ռ͔ΒΦʔϓ
ϯͳͲͷμϛʔύλʔϯΛ༻͍ͯPadͳͲͷෆཁͳ੒෼Λআڈ͠ɼDUT
୯ମͷಛੑΛநग़͢Δɽ͜ͷ͜ͱΛσΟΤϯϕοσΟϯάͱݺͿɽ͜ͷ
࣮ݧͰ͸ɼOpen๏Λ༻͍ͨσΟΤϯϕοσΟϯάΛߦ͏ɽ
2.2.3.3 Open๏
Open๏͸ਤ 2.10ʹࣔ͢Α͏ͳɼOpenύλʔϯΛ࢖༻ͯ͠ߦ͏σΟ
ΤϯϕοσΟϯά๏Ͱ͋ΔɽOpenύλʔϯ͸ଌఆ͍ͨ͠ର৅Λ࡟আ͠ɼ
DUTʹ઀ଓ͞Ε͍ͯͨ഑ઢ୺ΛϑϩʔςΟϯάঢ়ଶʹͨ͠΋ͷͰ͋Δɽ
OpenύλʔϯΛଌఆ͢Δ͜ͱʹΑͬͯɼDUTΛআ͍ͨपғͷ؀ڥΛଌ
ఆ͢Δ͜ͱ͕Ͱ͖Δɽͦͯ͠ɼਤ 2.11ʹࣔ͢Α͏ʹɼपғͷ؀ڥΛؚ
Μͩ DUTͷଌఆ݁Ռ (Total)͔Βपғͷ؀ڥͷଌఆ݁Ռ (Open)ͷࠩΛ
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Network
Analyzer Prober
ਤ 2.8: ࣮ࡍͷଌఆ؀ڥࣸਅ
Pad Pad
Ground shield
Parastic capacitors
ਤ 2.9: ଌఆ͞Εͯ͠·͏༨෼ͳدੜ੒෼
ͱΔ͜ͱͰɼDUTͷΈͷଌఆ݁ՌΛಘΔ͜ͱ͕Ͱ͖Δɽ۩ମతͳܭࢉํ
๏Λࣔ͢ɽਤ 2.11ʹࣔ͢Α͏ʹɼOpen๏ͰऔΓআ͘ෆཁͳपғ؀ڥ͸
DUTʹରͯ͠ฒྻʹ઀ଓ͞Ε͍ͯΔɽͦͷͨΊɼෆཁͳ෦෼Λଌఆ݁Ռ
͔Βআͨ͘Ίʹ͸ɼࣜ 2.1ʹࣔ͢Α͏ʹɼYύϥϝʔλͱͯࠩ͠ΛऔΕ͹
Α͍ɽͳ͓͜ͷࣜ͸ߦྻͰ͋Δɽ
Y (Dut) = Y (Total)− Y (Open) (2.1)
͔͠͠ɼ࣮ࡍͷଌఆͰ͸ Sύϥϝʔλͱͯ݁͠Ռ͕ग़ΔͨΊɼࣜ 2.1Λߦ
͏ʹ͸ɼSύϥϝʔλΛYύϥϝʔλʹม׵͢Δඞཁ͕͋ΔɽSύϥϝʔ
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λ͔ΒYύϥϝʔλ΁ͷม׵Λࣜ 2.2ʹࣔ͢ɽ
Yˆ =
I − S
I + S
(2.2)
͜ͷࣜͰٻΊΒΕͨ Yύϥϝʔλ͸ Sύϥϝʔλଌఆͷऴ୺఍߅ (ຊݚ
ڀͰ͸ 50 Ω)Ͱਖ਼نԽ͞Εͨ݁ՌͰ͋ΔͨΊɼ࣮ࡍͷ஋ʹม׵͢Δʹ͸
50 ΩͰׂΔඞཁ͕͋Δɽ
Y =
Yˆ
50
(2.3)
Ҏ্ͰYύϥϝʔλ΁ͷม׵͕ՄೳʹͳΔͨΊɼࣜ 2.1Λ༻͍ͯσΟΤ
ϯϕοσΟϯάΛߦ͏ɽ͞Βʹɼࣜ 2.1ͷܭࢉ݁Ռ͔Βɼݩͷύϥϝʔλ
Ͱ͋Δ Sύϥϝʔλʹ໭͢ඞཁ͕͋ΔɽYύϥϝʔλΛਖ਼نԽ͢Δඞཁ
͕͋ΔͨΊɼYύϥϝʔλ͔Β Sύϥϝʔλͷม׵͸ࣜ 2.4ɼ2.5ʹͳΔɽ
Yˆ = 50Y (2.4)
S =
I − Yˆ
I + Yˆ
(2.5)
ਤ 2.10: Φʔϓϯύλʔϯ
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Y3
DUT
Y1 Y2
Total
Y3
Y1 Y2
Open
DUT
DUT
ਤ 2.11: σΟΤϯϕοσΟϯά
2.2.3.4 σΟΤϯϕοσΟϯάͷޮՌͷධՁ
ਤ 2.12ʹR50 100ͷϙʔτ 2͔Βج൘΁ͷ઀ଓ఺ΛOB1ͱͨ͠ଌఆ
݁ՌͷσΟΤϯϕοσΟϯάΛߦ͏લͱޙͷ SύϥϝʔλΛࣔ͢ɽσΟ
ΤϯϕοσΟϯάલΛݟΔͱɼS11Ͱ͸εϛενϟʔτͷத৺෇ۙʹ͋Γ
50 Ωఔ౓͕ଌఆ͞Ε͓ͯΓɼߴप೾ʹͳΔͱ༰ྔੑͷ݁߹͕֬ೝͰ͖Δɽ
·ͨɼS12ɼS21Ͱ͸ߴप೾ʹͳΔఔɼϙʔτ 1͔Βϙʔτ 2΁ͷ఻ୡ͕ଟ
͘ͳ͍͍ͬͯͬͯΔͱ෼͔ΔɽS22Ͱ͸GND΁ͷ༰ྔੑͷ݁߹͕֬ೝͰ
͖Δɼ͜Ε͸ϙʔτ 2ͷ PadͱͦͷԼ૚ʹҾ͍ͯ͋ΔGNDͱͷΧοϓ
Ϧϯά͕ཁҼͩͱߟ͑ΒΕΔɽ
σΟΤϯϕοσΟϯάޙͰ͸S11͸༰ྔੑ݁߹ͩͬͨ΋ͷ͕ɼ഑ઢ౳ʹ
ΑΔΠϯμΫλ੒෼͕ݟ͑ΔΑ͏ʹͳ͓ͬͯΓɼPad͔ΒGND΁ͷΧο
ϓϦϯά͕σΟΤϯϕοσΟϯάʹΑΓআڈ͞Ε͍ͯΔɽS12ɼS21Ͱ͸
ߴप೾Ͱͷ఻ୡ͕ΑΓଟ͘ͳ͍ͬͯΔɽ͜Ε͸ϙʔτ 1ɼ2͔ΒGND΁
ͷΧοϓϦϯά͕আڈ͞Εͨ͜ͱʹΑΓɼϙʔτ 1ɼ2ؒ΁ྲྀΕΔిྗ͕
૿Ճͨͨ͠Ίͱߟ͑ΒΕΔɽS22Ͱ͸GND΁ͷ༰ྔੑͷ݁߹͕আڈ͞Ε
͍ͯΔ͜ͱ͕֬ೝͰ͖ΔɽσΟΤϯϕοσΟϯάΛߦ͏͜ͱͰɼपғ؀
ڥ͕আڈ͞Εଌఆର৅Ͱ͋Δ఍߅ͱج൘ͷಛੑ͕ΑΓ໌ྎʹࣔ͞Ε͍ͯ
Δ͜ͱ͕෼͔Δɽ͜ΕΒͷ݁Ռ͔Βɼଌఆ݁Ռ͕ଥ౰Ͱ͋Γɼ·ͨσΟΤ
ϯϕοσΟϯά͕ਖ਼͘͠ߦ͍͑ͯΔͱ֬ೝͰ͖ͨɽ
2.2.4 ධՁख๏:ଌఆ݁Ռͷ πܕ౳Ձճ࿏Ϟσϧ΁ͷม׵
ଌఆ݁ՌΛཧղ͠΍͍͢ܗʹ͢ΔͨΊʹɼਤ 2.13ʹࣔ͢Α͏ͳɼπܕ
ͷ౳Ձճ࿏Ϟσϧʹม׵Λߦ͏ɽπܕ౳Ձճ࿏Ϟσϧ͸ࣜ 2.6ʙࣜ 2.8ʹ
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0.1
0.1
ਤ 2.12: ఍߅ͰͷσΟΤϯϕοσΟϯάྫ
ࣔ͢Α͏ʹYύϥϝʔλ͔Βม׵͢Δ͜ͱ͕Ͱ͖Δɽ
Y 1 = y11 + y21 (2.6)
Y 2 = y21 = y12 (2.7)
Y 1 = y22 + y12 (2.8)
ϙʔτ 1͔Βϙʔτ 2΁ͷ݁߹͸Y12,Y21྆ํ͔ΒٻΊΔ͜ͱ͕Ͱ͖Δ
͕ɼύογϒͳ݁߹ͷ৔߹ɼ྆ऀ͸Ұக͢Δɽਤ 2.14ʹ఍߅ͷϨΠΞ΢
τΛ πܕ౳Ձճ࿏Ϟσϧʹม׵͢Δ৔߹ͷྫΛࣔ͢ɽ1/Y 1ͷ࣮਺੒෼ʹ
͸഑ஔͨ͠DUTͰ͋Δ఍߅ૉࢠͷ 50 Ωɼڏ਺੒෼ʹ͸഑ઢͷΠϯμΫ
λ΍GND΁ͷ༰ྔ੒෼౳͕ݱΕ͍ͯΔɽ1/Y 2ͷ࣮਺੒෼ʹ͸ϙʔτ 2
ଆͷ஫ೖ఺OB1͔ΒDUT΁ͷج൘෦෼ͷ఍߅͕ݟΒΕΔɽڏ਺੒෼͸
ج൘-ૉࢠؒͷ༰ྔ੒෼Λද͍ͯ͠Δɽ1/Y 3Ͱ͸ɼϙʔτ 2͔ΒGND΁
ͷ݁߹͕ݟΒΕΔɽ͜ͷΑ͏ʹɼSύϥϝʔλΛ πܕ౳Ձճ࿏Ϟσϧʹ
ม׵͢Δ͜ͱʹΑͬͯɼ۩ମతͳ஋ΛධՁ͢Δ͜ͱ͕ՄೳʹͳΓɼ༰қ
ʹཧղ͠΍͘͢ͳΔɽͨͩ͠ɼ͜ͷϞσϧ͸͋͘·Ͱ 2ϙʔτͷ Sύϥ
ϝʔλ͔Β࡞੒ͨ͠ϞσϧͰ͋ΔͨΊɼ୯७ͳߏ଄ʹ͔͠దԠ͕ग़དྷͳ
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͍ɽྫ͑͹ɼ͜ͷ࣮ݧʹ͓͍ͯ͸ n-MOSFET͸୺ࢠ਺͕ଟ͘ͳΓ πܕ౳
Ձճ࿏ϞσϧͰ͸ϞσϧͷϛεϚον͕ى͜Δɽ·ͨɼप೾਺ʹΑͬͯ
΋ແࢹग़དྷΔ݁߹ύε౳͕มΘͬͯ͘ΔͨΊɼॳΊʹϨΠΞ΢τߏ଄͔
Βਖ਼֬ʹϞσϧߏ଄Λ೺Ѳͨ͠ޙɼϞσϧ࡞੒Λߦ͏΂͖Ͱ͋Δɽ
Y1 Y3
Y2
ਤ 2.13: π ܕ౳Ձճ࿏Ϟσϧ
DUT
(50 ohm
resistor)
Coupling
between
GND and
substrate
C R 
Substrate
coupling
capacitor
Substrate
resistor
Y1 Y3
Y2
Re(1/Y1)
Re(1/Y3)
(1/(1/Im(Y3))/w
(1/(1/Im(Y2))/w Re(1/Y2)
ਤ 2.14: ఍߅ͷύλʔϯΛ π ܕ౳Ձճ࿏ʹม׵ͨ͠ྫ
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2.3 γϦίϯج൘-ૉࢠؒ݁߹ϞσϦϯάख๏
2.3.1 γϦίϯج൘Ϟσϧ
ਤ 2.16ʹࣔ͢Α͏ʹɼp-wellͱPج൘ͷϞσϧ͸͸఍߅ϝογϡϞσ
ϧ (RMM:Resistor Mesh Model)Ͱ࡞੒͢Δ [36]ɽ͜ͷϞσϦϯάʹؔΘ
Δ఍߅஋౳ͷύϥϝʔλ͸ɼϓϩηεݻ༗ͷ఍߅཰౳͔ΒٻΊͨ΋ͷͰ
͋Δɽ·ͨɼϞσϧ͕ରԠͰ͖Δप೾਺ൣғ͸ɼ͜ͷղੳͰ͸ 8 GHz·
ͰΛର৅ͱ͍ͯ͠ΔɽϝογϡαΠζ͕େ͖͗͢ΔͱɼҟͳͬͨిҐΛ
࣋ͭՕॴΛಉҰͷϊʔυͱͯ͠Έͳͯ͠͠·͍ɼਖ਼͘͠ղੳ͕ग़དྷͳ͍
Մೳੑ΍ɼখ͗͢͞Δͱղੳʹ࣌ؒ΍ϝϞϦ࢖༻ྔͷ૿େ౳Ͱɼ࠷ѱղ
ੳ͕࣮ߦͰ͖ͳ͍Մೳੑ΋͋ΔͨΊɼϝογϡαΠζͷݟੵΓ͸େมॏ
ཁͳཁૉͰ͋Δͱݴ͑Δɽ
·ͣ͸ɼ޿͕Γํ޲ͷϝογϡαΠζΛܾఆ͢Δɽ͜ͷϓϩηεͰ͸ɼ
ج൘ද໘ʹෑ͖٧ΊΒΕ͍ͯΔ p-wellͷγʔτ఍߅͕֓Ͷ 1 kΩ/Ͱ͋
ΔͨΊɼϝογϡͷΞεϖΫτൺΛ 1ͱ͢Ε͹ͲͷϝογϡαΠζͰ΋
p-well͸޿͕Γํ޲ʹରͯ͠͸ 1 kΩΛ࣋ͭɽҰํͰɼϝογϡαΠζ͕
มԽ͢Δͱɼج൘ͱૉࢠͷؒͷ༰ྔ஋͕มԽ͢ΔͨΊɼ࣌ఆ਺͕มԽ͢
Δ͜ͱʹͳΔɽ఍߅஋R[Ω]ͱ༰ྔ஋C[F]ͷੵ͔ΒٻΊΒΕΔ࣌ఆ਺ τ [s]
͸RCͷ௚ྻճ࿏ʹ͓͚Δ৴߸ͷԠ౴࣌ؒΛ͍ࣔͯ͠Δɽͭ·ΓɼR͸Ұ
ఆ͕ͩ઀ଓ͞ΕΔ༰ྔ஋͕େ͖͘ͳΔͱɼ࣌ఆ਺͕େ͖͘ͳΓ৴߸ʹର
͢ΔԠ౴࣌ؒ τ ͕௕͘ͳΔ (ਤ 2.15)ɽͦͷͨΊɼे෼ࡉ͔͍ϝογϡα
ΠζͰͳ͚Ε͹ɼߴ͍प೾਺ͰͷղੳʹϞσϧ͕௥ਵͰ͖ͳ͍ͱ͍͏ࣄ
͕ى͜Δɽผͷݴ͍ํΛ͢ΔͱɼҟͳͬͨిҐΛ࣋ͭՕॴΛಉҰͷϊʔ
υͱͯ͠Έͳͯ͠͠·͏ϞσϧΤϥʔ͕ൃੜ͢Δɽ
ࠓճͷ࣮ݧͰ͸ɼϝογϡαΠζΛݟੵ΋Δํ਑ͱͯ͠RCͷ࣌ఆ਺ʹ
ΑΔ؆қͳ΍ΓํΛ༻͍ͨɽRCͷ࣌ఆ਺͔Β༰ྔ஋Λٯࢉ͢Δͱɽࣜ 2.9
ΑΓɼ8 GHzΛղੳ͢ΔͨΊʹ͸Ұͭͷϝογϡʹରͯ͠઀ଓ͞ΕΔ΂
͖༰ྔ஋͸ 125 fFҎԼͱͳΔࠓճͷղੳͰ͸ղੳਫ਼౓ͱϚʔδϯΛߟ͑
10 fFͱͨ͠ɽ
τ = RC ⇒ C = τ
R
=
(1/8e + 9)
1e + 3
= 125[fF ] (2.9)
࡞੒ͨ͠ϨΠΞ΢τͰ࢖༻͞Ε͍ͯΔૉࢠ͸֓Ͷج൘ʹରͯ͠ɼ0.4 fF/μm2
ҎԼͷ༰ྔΛ͍࣋ͬͯΔࣄ͕Θ͔͍ͬͯΔɽͭ·ΓɼϝογϡαΠζ͸
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Pwell
Poly
(a) (b) (c)
抵抗一定
容量増加
Pwell
Poly
ਤ 2.15: ϝογϡαΠζͷҧ͍ʹΑΔϞσϧԽ͞ΕΔ఍߅஋ͱ༰ྔ஋ͷ
มԽͷΠϝʔδ (a)Poly఍߅ͷϨΠΞ΢τྫ (b) ϝογϡ͕খ͍͞৔߹
(c) ϝογϡ͕େ͖͍৔߹
10/0.4 = 25μm2ͷ໘ੵ·Ͱڐ༰Ͱ͖Δɽͦ͜ͰɼΞεϖΫτൺ͕ 1ͱͳ
Δ 5 μm × 5 μmΛ 1ϝογϡͷαΠζͱͨ͠ɽ
ͳ͓ɼ͜ͷධՁ༻ϨΠΞ΢τͷج൘্ͷ஫ೖ఺͸ 2.2 μm × 2.2 μmͷ
DiffusionͰ࡞ΒΕ͍ͯΔɽ5 μmͷϝογϡͰ͸͜ͷDiffusionͷ޿͕Γ
఍߅Λ࠶ݱ͢Δ͜ͱ͕ग़དྷͳ͍ͨΊɼਤ 2.16ͷArea of OBsͷΑ͏ʹɼ
पғͷϝογϡΛDiffusionʹ߹͏Α͏ʹࡉ͔͘෼ׂ͠ɼ޿͕Γ఍߅Λ࠶
ݱ͍ͯ͠Δɽ
͜ͷϞσϧΛ༻͍ɼ֤ϨΠΞ΢τͷϙʔτ 2ʹ DCిѹΛҹՃͨ͠৔
߹ͷ఍߅஋ͷଌఆͱղੳͷൺֱΛߦͬͨάϥϑΛਤ 2.17ʹࣔ͢ɽ͜ͷଌ
ఆͰ͸ɼओʹγϦίϯج൘Λ௨ͬͨ͋ͱपғͷ DCόΠΞε҆ఆ༻ͷϝ
λϧ഑ઢʹྲྀΕɼ10 kΩ఍߅Λ௨ͬͯGND΁ͱྲྀΕΔύε͕ݟΒΕΔɽ
10 kΩͷΦϑηοτΛ࡟আͨ͠৔߹ͷଌఆͱͷൺֱͰɼ࠷େͰ 14%ͷޡ
ࠩͰղੳ͕ग़དྷ͓ͯΓɼे෼ͳਫ਼౓Ͱ࠶ݱ͕ߦ͍͑ͯΔ͜ͱ͕෼͔Δɽ
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ਤ 2.16: ఍߅ϝογϡϞσϧ
2.3.2 GroundγʔϧυϞσϧ
ਤ 2.18ʹY3ΛΠϯϐʔμϯεʹม׵͠ڏ෦͔Β༰ྔͱͯ͠දࣔͨ͠
΋ͷΛࣔ͢ɽY3͸ج൘্ͷ஫ೖ఺͔ΒGround΁ͱܨ͕ΔύεΛϞσϧ
Խ͍ͯ͠Δɽ͜ͷάϥϑΛݟΔͱɼ௿प೾Ͱ͸ 5 pFఔ౓ͷ༰ྔ஋͕ৗʹ
֬ೝͰ͖Δɽ͜Ε͸ɼϨΠΞ΢τͷશମʹෑ͍ͨGroundγʔϧυͱج൘
ͱͷؒʹ༰ྔ͕෇͍͍ͯΔ͔ΒͰ͋ΔɽͦͷͨΊɼ͜ΕΛϞσϧʹ૊Έࠐ
Ήඞཁ͕͋Δɽ͜ͷGroundγʔϧυΛϞσϧԽͨ͠΋ͷΛਤ 2.19ʹࣔ
͢ɽ͜ͷϞσϧΛೖΕͨ৔߹ͱೖΕͳ͍৔߹ͷS21ͷղੳ݁ՌΛɼਤ 2.20
ʹࣔ͢ɽଌఆൣғશମͰ྆ऀ͕ҟͳ͓ͬͯΓɼେ͖͍ͱ͜ΖͰ͸ 10 dBҎ
্ͷ։͖͕͋Δɽͭ·Γɼߴप೾Ͱ͸ϙʔτ 1͔Β 2΁ͱྲྀΕΔిྗͷ໿
9ׂ͕͜ͷGroundγʔϧυʹྲྀΕ͍ͯΔͱݴ͑ɼ͜ͷϞσϧ͸ࠓճͷଌ
ఆϨΠΞ΢τʹରͯ͠ඇৗʹେ͖ͳӨڹΛ΋ͭ෦෼Ͱ͋Δ͜ͱ͕෼͔Δɽ
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OB1
OB2
OB3
OB1, OB2
OB1, OB2
OB3
Meas
Sim
ਤ 2.17: γϦίϯج൘ͷDC఍߅
1000
1200
1400
1600
1800
2000
2200
1e+07 1e+08 1e+09 1e+10
Re(1/PImod22)
-1e-11
-5e-12
0
5e-12
1e-11
1e+07 1e+08 1e+09 1e+10
-(1/(Im(1/PImod22)))/ω
Freq. [Hz] Freq. [Hz]
ਤ 2.18: ଌఆ݁Ռͷ π ܕ౳Ձճ࿏ͷY3
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ਤ 2.19: GNDγʔϧυͷϞσϧԽ (a ϨΠΞ΢τΠϝʔδ (b) ϞσϧΠ
ϝʔδ)
S
21
 [d
B
]
ਤ 2.20: GNDγʔϧυͷ༗ແʹΑΔղੳ݁Ռͷൺֱ
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2.3.3 ج൘݁߹Ϟσϧ
֤ϨΠΞ΢τͷج൘Ϟσϧͱૉࢠͱͷ݁߹ͱϞσϧશମͷΠϝʔδΛ
͍ࣔͯ͘͠ɽϞσϧͷΠϝʔδΛਤ 2.21ʙਤ 2.24ʹࣔ͢ɽ֤Ϟσϧશ
ମʹߦͬͨ͜ͱͱͯ͠ɼϨΠΞ΢τ͔Βநग़ͨ͠഑ઢͷΠϯϐʔμϯε
΋Ϟσϧͱͯ͠૊ΈࠐΜͰ͍Δɽ
఍߅ͷϨΠΞ΢τͷϞσϧ͸ɼΞϨΠঢ়ʹͳΒΜͩ఍߅ૉࢠͷج൘ό
ΠΞε༻ͷϙʔτΛͦΕͧΕݸผʹج൘ϝογϡʹ઀ଓͨ͠ɽ·ͨɼ఍
߅ͷૉࢠಉ࢜Λ઀ଓ͍ͯ͠Δ഑ઢͱγϦίϯج൘ͱͷ݁߹΋Ϟσϧͱ͠
ͯ૊ΈࠐΜͰ͍Δɽ
༰ྔͷϞσϧ͸ PNδϟϯΫγϣϯΛ௨ͯ͡γϦίϯج൘ͱ઀ଓ͞Ε
͍ͯΔɽϨΠΞ΢τ͔Βಋ͍ͨPNμΠΦʔυϞσϧΛ࡞੒͠ɼ༰ྔͷϞ
σϧͷؒʹ઀ଓ͠ɼ·ͨɼ༰ྔͷ྆୺ࢠ͸γϣʔτ͞Ε͍ͯΔͨΊɼͦ
ͷΑ͏ʹϞσϧԽΛߦͬͨɽ
ΠϯμΫλ͸ΠϯμΫλຊମͷԼ෦ʹPoly SiͷGNDγʔϧυ͕ଘࡏ
͢ΔͨΊɼج൘݁߹ͷओཁૉ͸ͦ͜ͷ݁߹ʹͳΔɽPoly SiΛج൘ಉ༷ͷ
఍߅ϝογϡͰϞσϧԽΛߦͬͨ͏͑Ͱɼج൘ͱͷ༰ྔ஋Λܭࢉ͠ɼج
൘ͱ઀ଓΛߦ͍ͬͯΔɽPoly SiͱΠϯμΫλͱͷ઀ଓ͸ɼPoly Siͷ্෦
ʹϝλϧ഑ઢ͕͋Δ͚ͩͳͷͰɼ༰ྔੑ݁߹ʹͳΔͨΊϨΠΞ΢τ͔Β
ܭࢉ͠༰ྔ஋ͱͯ͠ϞσϧԽΛߦͬͨɽ
n-MOSFETͷϨΠΞ΢τ͸ L = 65nm,W = 4μm,Finger = 80ͱ͍͏
ڊେͳMOSFETΛ࢖༻͍ͯ͠ΔͨΊɼ୯ҰͷϞσϧͱͯ͠૊ΈࠐΉʹ
͸େ͖͍ɽͦ͜ͰɼMOSFETΛ෼ׂ͠ L = 65nm,W = 4μm,Finger = 8
͕ 10ݸฒΜͰ͍ΔϞσϧͱͨ͠ɽMOSFETͷϨΠΞ΢τͰ͸ɼνοϓ
಺γϣʔτ༻ͷ n-MOS༰ྔΛ࢖༻͓ͯ͠Γɼ͜ͷૉࢠʹ΋ج൘݁߹͕ଘ
ࡏ͢ΔͨΊɼ͜ͷPNδϟϯΫγϣϯ༰ྔ΋ϞσϧԽͨ͠ɽ·ͨɼόΠΞ
εςΟʔΛ༻͍͍ͯΔͨΊɼͦͷϞσϧ΋૊ΈࠐΜͰ͍Δɽ
2.4 ଌఆɾղੳ݁Ռ
2.4.1 ఍߅
఍߅ͷSύϥϝʔλͷଌఆɾղੳ݁ՌΛਤ 2.25ʹࣔ͢ɽS12Λൺֱ͢Δ
ͱɼ1 dBҎԼͷޡࠩͰղੳ͕Ͱ͖͍ͯΔɽ·ͨɼߴप೾ʹͳΔ΄Ͳϙʔ
τ 1,2ؒͷ݁߹͕ڧ͘ͳ͓ͬͯΓɼߴप೾ͰͷӨڹ͕େ͖͘ͳ͍ͬͯΔͱ
෼͔ΔɽКܕ౳Ձճ࿏Ϟσϧʹม׵ͨ݁͠ՌΛਤ 2.26ʹࣔ͢ɽ͜ͷ݁Ռ
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ਤ 2.21: ఍߅ͷղੳϞσϧશମ૾
͔Βɼϙʔτ 1ɼ2ؒʹ͋Δ݁߹͕प೾਺ʹΑͬͯมԽ͍ͯ͠Δ͜ͱ͕෼
͔Δɽ͜Ε͸ɼप೾਺ʹΑͬͯΠϯϐʔμϯε͕มԽ͢Δ͜ͱͰిྲྀͷ
ύε΋มԽ͢Δ͜ͱʹىҼ͍ͯ͠Δɽ࣮ࡍʹͲͷఔ౓ిྲྀͷύε͕มԽ
͍ͯ͠Δͷ͔ਤ 2.27ʹࣔ͢ɽղੳํ๏͸ɼਤ 2.27(a)ʹࣔ͞ΕΔΑ͏ʹɼ
ϙʔτ 2ʹର͠ACిྲྀΛ஫ೖ͠ACղੳΛߦͬͨ࣌ͷ 10ྻฒΜͰ͍Δ
఍߅ͷج൘ૉࢠʹྲྀΕΔిྲྀ஋ͷมԽΛղੳͨ͠ɽਤ 2.27(b)͕݁ՌͰ
͋Δɽ͜ͷΑ͏ʹߴप೾ʹͳΔͱɼશମͷిྲྀ͕૿Ճ͍ͯ͘͜͠ͱ͕Θ
͔Δ͕ɼج൘஫ೖ఺ͷۙ๣ʹిྲྀ͕ूத͍ͯ͘͜͠ͱ͕෼͔Δɽ
࣍ʹɼ఍߅ͷղੳͰαΠζͷҧ͍Λൺֱ͠ɼਤ 2.28ʹͦͷ݁ՌΛࣔ
͢ɽS12ͱКܕ౳Ձճ࿏Ϟσϧʹͨ࣌͠ͷ఍߅ٴͼ༰ྔ஋Λ͍ࣔͯ͠Δɽ
10 × 10ɼ7 × 7͓Αͼ 4 × 4ͷύλʔϯͰS12ΛଌఆͱղੳͰൺֱ͢Δ
ͱɼͦΕͧΕɼ1 dBɼ2 dBٴͼ 2 dBҎԼͷޡࠩͰղੳ͕ߦ͍͑ͯΔɽ
ڑ཭ʹΑΔҧ͍Λਤ 2.29ʹࣔ͢ɽ͜Ε͸ɼ10 × 10ͷύλʔϯΛ༻
͍ͯɼϙʔτ 2ΛOB1ɼOB2ɼٴͼOB3͔Βͷ݁߹ΛධՁ͍ͯ͠Δɽα
ΠζͰͷղੳಉ༷ɼS12ͱКܕ౳Ձճ࿏Ϟσϧʹͨ࣌͠ͷ఍߅ٴͼ༰ྔ஋
Λ͍ࣔͯ͠ΔɽOB1ɼOB2͸ 1 dBҎԼͰղੳ͕Ͱ͖͍ͯΔ͕ɼOB3͸
3 dBҎԼͱޡ͕ࠩେ͖͘ͳ͍ͬͯΔɽ͜Ε͸OB3͕पғͷΨʔυϦϯά
΍GNDγʔϧυʹۙ઀͓ͯ͠ΓɼΨʔυϦϯά౳ͷղੳର৅֎ͷϞσϧ
ͷӨڹΛड͚΍͍ͨ͢Ίͱߟ͑ΒΕΔɽ͜ͷOB1ɼ2ͱOB3ͷ݁Ռͷҧ
͍͔Βɼपғ؀ڥͷϞσϧ΋ج൘ΫϩετʔΫղੳʹஔ͍ͯॏཁͳཁૉ
Ͱ͋Δͱߟ͑ΒΕΔɽ
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ਤ 2.22: ༰ྔͷղੳϞσϧશମ૾
2.4.2 ༰ྔͱΠϯμΫλ
༰ྔͱΠϯμΫλͷOB1Ͱͷ݁ՌΛͦΕͧΕਤ 2.30ͱਤ 2.31ʹࣔ
͢ɽ༰ྔ͸ɼS12ɼS21Ͱ 2 dBҎԼͷਫ਼౓Ͱղੳ͕ߦ͍͑ͯΔɽΠϯμΫ
λͰ͸ɼڞৼ෦෼Λআ͍ͯ 2 dBҎԼͷਫ਼౓ͱͳ͍ͬͯΔɽ
ΠϯμΫλͷڞৼ͸ɼΠϯμΫλࣗ਎ͷ஋͕ 10 nHͰͦΕʹରͯ͠
Poly Siͱͷ݁߹͕ 200 pFͰ͋ΔɽͦͷͨΊɼϙʔτ 1ɼ2ؒʹ͸ 10 nH
ͱ 200 pFͷ௚ྻͷ LC͕ଘࡏ͢Δ͜ͱʹͳΔɽ͜ͷ LCͷڞৼप೾਺͸
3.5 GHzͱͳΔɽΠϯμΫλͷ஋͸ 10 nH͕ͩɼ௚ྻͱ͸ݴͬͯ΋Πϯ
μΫλͷ഑ઢ͸Poly Siʹରͯ͠෼෍తʹଘࡏ͢ΔͨΊɼ࣮ࡍͷڞৼ఺ʹ
Өڹ͢ΔΠϯμΫλ͸ 10 nHΑΓ΋খ͍͞ͱߟ͑ΒΕΔɽΑͬͯɼڞৼ
प೾਺΋ 3.5 GHzΑΓ΋ߴ͍਺஋ʹͳΔ͸ͣͰ͋Δɽ࣮ࡍʹɼଌఆͰ͸
ڞৼ఺͸ 8 GHzΑΓߴ͍प೾਺ʹݱΕ͍ͯΔɽ͔͠͠ɼࠓճ࡞੒ͨ͠Ϟ
σϧͰ͸ΠϯμΫλͱPoly Siͷ݁߹͸ΠϯμΫλϞσϧͷ྆୺ͷΈʹ઀
ଓ͞Ε͓ͯΓɼ෼෍తͳදݱ͕ෆे෼Ͱ͋ΔͨΊɼڞৼ఺ʹӨڹ͢ΔΠ
ϯμΫλͷ஋͕ 10 nH͍ۙ஋ͱͳΓɼղੳͱଌఆͷޡࠩͷཁҼͱͳͬͨ
Մೳੑ͕͋Δɽ͜ͷ݁Ռ͔Βɼج൘݁߹ղੳʹ༻͍ΔΠϯμΫλͷϞσ
ϧʹ͍ͭͯ͸෼෍తʹϝλϧ഑ઢ-ج൘ؒ݁߹ΛϞσϧԽ͢Δख๏ͳͲͷ
ߟ࡯ͷ༨஍͕͋Δͱߟ͑ΒΕΔɽ
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ਤ 2.23: ΠϯμΫλͷղੳϞσϧશମ૾
2.4.3 MOSFETs
MOSFETͷଌఆͱղੳͰ͸ɼόΠΞεঢ়ଶ͕େ͖͘ӨڹΛ༩͑Δɽ͜
ͷݚڀͰ͸ɼΦϑঢ়ଶ (GateɼSourceʹ 0 VΛ͔͚ΧοτΦϑঢ়ଶ)ͱɼ
Φϯঢ়ଶ (GateɼSourceڞʹ 1.2 VΛ͔͚ͯ׬શʹMOSFET͕ಈ࡞ͯ͠
͍Δঢ়ଶ)ͰଌఆΛߦ͍ͬͯΔɽCGͱ CSͷΦϯঢ়ଶͷ Sύϥϝʔλͷ
ଌఆɾղੳ݁ՌΛਤ 2.32ʹࣔ͢ɽΦϯঢ়ଶͰ͸ S12ɼS21ͷൺֱͰCSͰ
2 dBҎԼɼCGͰ 4 dBҎԼͷղੳ͕ग़དྷ͓ͯΓे෼ͳਫ਼౓͕ಘΒΕͯ
͍Δͱߟ͑ΒΕΔɽ·ͨɼΦϯঢ়ଶͱΦϑঢ়ଶͰ S12,S21Λάϥϑʹͨ͠
΋ͷΛਤ 2.33ʹࣔͨ͠ɽ࠷େͷޡࠩ͸CSͷΦϑঢ়ଶͷS12ɼS21Ͱ 6 dB
ͱͳ͍ͬͯΔɽ͜ΕΒͷதͰɼ࠷େͷ݁߹Λ΋ͭCGͷΦϯঢ়ଶͷS12(γ
Ϧίϯج൘͔ΒDrain)΁ͷ݁߹͸௿प೾Ͱ͸େ͖͘ɼߴप೾Ͱ͸খ͘͞
ͳ͍ͬͯΔɽ͜Ε͸ɼج൘όΠΞεޮՌ͔ΒҾ͖ى͜͞Ε͍ͯΔ΋ͷͱ
ߟ͑ΒΕΔɽج൘όΠΞε͕ ACిѹͰมಈ͢Δ͜ͱʹΑ͖͍ͬͯ͠஋
͕มಈ͢ΔͨΊɼDrainిྲྀ΋มಈ͢ΔɽͦͷͨΊɼDrain΁ͷ݁߹͕େ
͖͘ͳΔ΋ͷͱߟ͑ΒΕΔɽ͔͠͠ɼߴप೾ʹͳΔ΄Ͳɼج൘όΠΞε
ͷײ౓͕Լ͕Γɼ࠷ऴతʹ͸Φϑঢ়ଶͱಉ͡ఔ౓ͷ݁߹͔͠ݟΒΕͳ͘
ͳ͍ͬͯΔɽ
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ਤ 2.24: MOSFETͷղੳϞσϧશମ૾ (a) CGύλʔϯ (b) CSύλʔϯ
2.5 ݁ݴ
2ϙʔτͷ SύϥϝʔλଌఆΛ༻͍ɼγϦίϯج൘ͱճ࿏ૉࢠͷ݁߹ͷ
ධՁख๏ΛఏҊͨ͠ɽ·ͨɼج൘ϞσϧΛ࡞੒͠ɼपғ؀ڥΛϞσϧʹ
औΓೖΕɼج൘݁߹Λద੾ʹߦ͏͜ͱͰج൘݁߹ͷղੳͰڑ཭΍αΠζ
ͷมԽʹରͯ͠΋ɼߴਫ਼౓ʹߦ͑Δ͜ͱΛࣔͨ͠ɽ
ج൘ϞσϧͷධՁख๏ͷҰͭͱͯ͠Кܕ౳Ձճ࿏ϞσϧΛఏҊͨ͠ɽ͜
ΕʹΑͬͯɼSύϥϝʔλͰ͸Θ͔Γʹ͍࣮͘ࡍͷ݁߹Πϯϐʔμϯε͕
୯७ͳճ࿏ϞσϧͰධՁՄೳʹͳͬͨɽ·ͨͦͷաఔͰɼγϦίϯج൘
ͱૉࢠͷ݁߹ʹ͸प೾਺ಛੑʹΑΔ݁߹ܦ࿏ͷมԽ͕େ͖ؔ͘܎͍ͯ͠
Δ͜ͱ͕෼͔ͬͨɽ
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ਤ 2.25: ఍߅ͷଌఆͱղੳͷൺֱ
(a) (b) 
ਤ 2.26: ఍߅ͷ π ܕ౳Ձճ࿏Ϟσϧ (a) ૉࢠ͔Βϙʔτ 2΁ͷ఍߅ (b)
ૉࢠͱγϦίϯج൘ͱͷؒͷ༰ྔ
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ਤ 2.27: (a) प೾਺ʹΑΔిྲྀύεͷมԽΠϝʔδ (b) Ґஔͷҧ͍Ͱిྲྀ
ྔ͕มԽ͢Δ༷ࢠͷղੳ݁Ռ
36 ୈ 2ষ γϦίϯج൘-CMOSૉࢠؒ݁߹ධՁ
ਤ 2.28: ఍߅ͷ Sύϥϝʔλͷଌఆͱղੳͷൺֱ (఍߅ૉࢠͷαΠζʹΑ
Δҧ͍ (a) S12 (b) πܕͷ౳Ձճ࿏Ϟσϧʹม׵
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ਤ 2.29: ఍߅ͷ Sύϥϝʔλͷଌఆͱղੳͷൺֱ (ϙʔτ 2ͷҐஔʹΑΔ
ҧ͍ʣ(a) S12 (b) πܕͷ౳Ձճ࿏Ϟσϧʹม׵
38 ୈ 2ষ γϦίϯج൘-CMOSૉࢠؒ݁߹ධՁ
ਤ 2.30: ༰ྔͷ Sύϥϝʔλͷଌఆͱղੳͷൺֱ
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ਤ 2.31: ΠϯμΫλͷ Sύϥϝʔλͷଌఆͱղੳͷൺֱ
40 ୈ 2ষ γϦίϯج൘-CMOSૉࢠؒ݁߹ධՁ
ਤ 2.32: MOSFETͷ Sύϥϝʔλͷଌఆͱղੳͷൺֱ
ਤ 2.33: MOSFETͷ S12(γϦίϯج൘͔Βૉࢠ)ͱ S21(ૉࢠ͔ΒγϦί
ϯج൘)ͷଌఆͱղੳͷൺֱ
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3.1 ॹݴ
εϚʔτϑΥϯͳͲʹ୅ද͞ΕΔϞόΠϧ௨৴୺຤ͷීٴʹΑͬͯɼ
ۙ೥ͷແઢ௨৴ʹΑΔσʔλτϥϑΟοΫ͸্ঢͷҰ్ΛͨͲ͍ͬͯΔɽ
૿Ճ͢ΔσʔλτϥϑΟοΫʹରԠ͢ΔͨΊʹɼୈ 3.9ੈ୅ͱݺ͹ΕΔ
LTE(Long Term Evolution)΍ୈ 4ੈ୅ͷLTE-Advancedͱ͍ͬͨ৽͍͠
௨৴ن͕֨ඪ४Խ͓Αͼ࣮༻Խ͞Ε͖͍ͯͯΔɽୈ 3.9ੈ୅ͷ LTEͷಛ
௃ͱͯ͠͸ɼߴप೾ଳҬ (RF:Radio Frequency)Λ௨৴ʹ࢖༻͠ɼ௚ަप
೾਺෼ׂଟॏํࣜ (OFDM:Orthogonal Frequency-Division Multiplexing)
ʹΑΔσδλϧมௐɼMIMO(Multiple-Input and Multiple-Output)ʹΑ
ΔϚϧνΞϯςφͳͲ͕͋Γ௨৴ੑೳͷ޲্͕ਤΒΕ͓ͯΓɼ௨৴ੑೳ
ͷ޲্͕ݟࠐ·ΕΔɽ͔͠͠ɼOFDMͷϕʔεόϯυॲཧʹ͸ϑʔϦΤ
ม׵౳ͷԋࢉ͕ཁٻ͞ΕΔͳͲෳࡶͳॲཧ͕ඞཁʹͳΔͳͲͷཧ༝͔Βɼ
Wideband Code Division Multiple Access(W-CDMA)ͱ͍ͬͨલੈ୅ͷ
௨৴ن֨ʹൺ΂ɼϕʔεόϯυॲཧ༻ͷσδλϧճ࿏ن໛΋૿େ͍ͯ͠
Δɽ·ͨLTEͰ͸৴߸ύϫʔ͕-100dBmͰ΋εϧʔϓοτ͕ 95%Λӽ͑
Δͱ 3GPPͰن֨Խ͞Ε͓ͯΓΑΓߴੑೳͳΞφϩάճ࿏͕ٻΊΒΕΔɽ
Ұൠతʹσδλϧճ࿏͸Ξφϩάճ࿏ʹͱͬͯϊΠζݯͱͯ͠ಇ͖ɼΞ
φϩάճ࿏͸ϊΠζʹऑ͍ͱߟ͑ΒΕ͓ͯΓɼ૿େͨ͠σδλϧճ࿏͔
ΒͷϊΠζ͕ߴײ౓ͷΞφϩάRFճ࿏ͷੑೳΛྼԽͤ͞ɼ͞Βʹ͸γε
ςϜશମͷੑೳྼԽʹͭͳ͕Δͱݒ೦͞Ε͍ͯΔɽLTEͰ͸೤ࡶԻʹൺ
΂+20dBͱ͍͏খ͞ͳ৴߸ΛѻΘͳ͚Ε͹ͳΒͳ͍ͨΊɼΞφϩά RF
ճ࿏͸ඇৗʹߴ͍ײ౓Λ࣋ͭඞཁ͕͋ΓɼϊΠζͷӨڹ΋େ͖͘ͳΔͱ
ߟ͑ΒΕΔɽ
Ұํɼແઢ௨৴ճ࿏ͷઃܭͰ͸ɼSoC(System On Chip)΍ϛοΫευ
γάφϧ LSIͱ͍ͬͨɺσδλϧճ࿏ͱΞφϩάճ࿏͕ಉҰγϦίϯج
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൘্ʹ഑ஔ͞ΕΔઃܭ͕ҰൠతʹߦΘΕ͍ͯΔɽϛοΫευγάφϧLSI
ͷಛ௃ͱͯ͠ɼσδλϧճ࿏ͱΞφϩάճ࿏͕ಉ͡νοϓͰ࡞੒͞ΕΔ
ͨΊখ໘ੵԽ͕࣮ݱͰ͖ɼνοϓ಺Ͱ͢΂ͯ഑ઢ͕઀ଓ͞ΕΔͨΊɼখ
໘ੵͰ௿ίετɼߴੑೳͳνοϓΛظ଴Ͱ͖ΔɽεϚʔτϑΥϯ΍Ϟό
Πϧϧʔλ౳ͷ੡඼͸Ͱ͖Δ͚ͩ௿ίετʹখܕͰ௕࣌ؒಈ࡞͢Δ͜ͱ
͕๬·ΕΔͨΊɼ͜ͷΑ͏ͳઃܭ͕ҰൠతʹͳΔͱߟ͑ΒΕΔɽ͔͠͠ɼ
ϛοΫευγάφϧ LSIͰ͸Ξφϩάճ࿏ͱσδλϧճ࿏͕ಉҰγϦί
ϯج൘্ͱ͍͏ۙ๣ʹूੵ͞ΕΔͨΊɼϊΠζͷӨڹ΋૿େ͠ɼΞφϩ
άճ࿏ͷੑೳྼԽʹͭͳ͕ΔՄೳੑ΋૿Ճ͢Δɽ
ϊΠζͷ఻ୡܦ࿏ͱͯ͠͸Ϙʔυ্΍ύοέʔδ্ͳͲෳ਺ܦ࿏͋Δ
͜ͱ͕஌ΒΕ͍ͯΔ͕ɼͦͷதͰɼϛοΫευγάφϧ LSIͰ͸σδλ
ϧճ࿏ͱΞφϩάճ࿏͕ಉҰج൘্ʹ഑ஔ͞ΕΔͨΊɼγϦίϯج൘Λ
௨ͯ͡఻ୡ͢Δج൘ΫϩετʔΫ͕ൃੜ͢Δͱ͍͏ಛ௃͕͋ΔɽγϦί
ϯج൘͸جຊతʹ͸఍߅ͱ༰ྔͰϞσϧԽͰ͖ɼ·ͨɼγϦίϯج൘ͱ
֤ճ࿏ૉࢠͱͷ݁߹͸ PNδϟϯΫγϣϯ༰ྔ΍ج൘഑ઢؒͷ༰ྔͱ͠
ͯϞσϧԽग़དྷΔɽ༰ྔ͸ߴप೾ʹͳΔͱΠϯϐʔμϯε͕௿Լ͢Δͨ
Ίɼج൘ΫϩετʔΫ͸ߴ͍प೾਺ʹ͓͍ͯ݁߹ΛڧΊΔͱߟ͑ΒΕΔɽ
ϊΠζͷ఻ୡܦ࿏͸γϦίϯج൘΍ύοέʔδɼϘʔυ্ͷճ࿏ૉࢠ
౳ͷ෺ཧతͳ഑ஔʹڧ͘ґଘ͢Δ΋ͷͰ͋ΓɼઃܭલʹಛఆΛߦ͏͜ͱ
͸ࠔ೉ʹͳ͍ͬͯΔɽͦ͜ͰɼຊষͰ͸ LTE௨৴γεςϜʹର͢Δɼج
൘ΫϩετʔΫͷӨڹΛߴਫ਼౓ʹ࣮ݱ͢ΔͨΊͷϑϩʔΛࣔ͠ɼج൘Ϋ
ϩετʔΫͷӨڹΛࣄલʹݟੵΓɼγεςϜϨϕϧͰ࠷దԽΛߦ͏ͨΊ
ͷख๏ΛఏҊ͢ΔɽͦͷͨΊʹɼ·ͣΞφϩάճ࿏୯ମʹର͢Δج൘Ϋϩ
ετʔΫͷӨڹΛղੳ͢ΔͨΊͷख๏Λࣔ͠ɼ͞ΒʹϘʔυ΍ύοέʔ
δΛؚΜͩγεςϜϨϕϧͰͷղੳΛ࣮ݱ͢Δख๏ΛఏҊ͢Δɽ
3.2 ධՁγεςϜ֓ཁ
3.2.1 ධՁγεςϜશମ૾
ਤ 3.1ʹଌఆ؀ڥ֓ཁΛࣔ͢ɽ͜ͷଌఆܥ͸RF௨৴༻ SoCͱγάφ
ϧδΣωϨʔλ (SG)ɼγάφϧΞφϥΠβ (SA)ʹΑͬͯߏ੒͞Ε͍ͯΔɽ
SoC্ʹ͸RF௨৴༻ͷड৴ճ࿏ɼϊΠζൃੜݯ (ANG:Arbitrary Noise
Generator)[67]ͱΦϯνοϓϞχλ (OCM:On-Chip Monitor)[22]͕౥ࡌ
͞Ε͍ͯΔɽSG͕ग़ྗͨ͠ LTEͷ৴߸ͷ୅ΘΓʹߴप೾ͷαΠϯ೾Λ
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ਤ 3.1: ج൘ϊΠζΛҹՃͨ͠ LTE௨৴νϟωϧͷ໛ٖ
ೖྗ͠ɼRFड৴ճ࿏಺Ͱ૿෯ͱμ΢ϯίϯόʔτ͕ߦΘΕ SAʹग़ྗ͞
ΕΔɽ͜ͷաఔͰϊΠζൃੜݯͰ͋Δ ANG͕ಈ࡞͢Δ͜ͱͰ৴߸ʹϊ
ΠζΛॏ৞͢Δ͜ͱ͕ग़དྷΔɽ͜ͷ SoC͸CMOSͷ 65nmϓϩηεͷ 6
૚ϝλϧ+RDL(࠶഑ઢ૚)Ͱ࡞੒͞Εɼಈ࡞ిѹ͸σδλϧճ࿏͕ 1.2Vɼ
Ξφϩάճ࿏͸ 2.5Vͱͳ͍ͬͯΔɽ
3.2.2 RFड৴ճ࿏֓ཁ
͜ͷRFड৴ճ࿏ͷ֓ཁΛਤ 3.2ʹࣔ͢ɽ͜ͷड৴ճ࿏͸ࠩಈͰಈ࡞͢
ΔͨΊɼϘʔυ্ͰόϥϯΛ࢖༻ͯࠩ͠ಈ৴߸ʹม׵͍ͯ͠Δɽೖྗ͔Β
ೖͬͨ৴߸͸Low-Noise Amplifiers (LNA)Λ௨Γ૿෯͞Εͨ͋ͱ I৴߸ͱ
Q৴߸ʹ෼͔ΕΔɽMIXer (MIX)ʹೖྗ͞ΕɼPhase Locked Loop(PLL)
ճ࿏ΛؚΜͩ Voltage Controlled Oscillator(VCO) ͔ΒͷϩʔΧϧ৴߸
Λ࢖͍μ΢ϯίϯόʔτ͞ΕΔɽMIXͷग़ྗ͕ిྲྀͰ͋ΔͨΊɼTrans
Impedance Amp (TIA)ʹΑͬͯిѹʹม׵ͨ͠ޙɼProgrammable Gain
Amplifiers (PGA)ʹೖྗ͞Ε࠶౓૿෯͞ΕɼLow-Pass Filters (LPF)Ͱ
ଳҬ֎ͷ৴߸ͷύϫʔΛআڈ͠ɼग़ྗ͞ΕΔɽ͜ͷड৴ճ࿏ͷதͰɼ࠷΋
ײ౓͕͋Δύʔτ͸LNAͰ͋Γ 30 dBҎ্ͷήΠϯΛ͓࣋ͬͯΓɼLNA
ʹରͯ͠৵ೖ͢ΔϊΠζͷӨڹ͕࠷΋େ͖͍ͱߟ͑ΒΕΔɽ
3.2.3 ANGճ࿏֓ཁ
CMOSσδλϧճ࿏ͷফඅిྲྀ͸༰ྔͷॆిաఔͱͯ͠໛ٖ͢Δ͜ͱ͕
ՄೳͰ͋Γɼσδλϧճ࿏ಈ࡞Ͱফඅ͞ΕΔిྲྀ஋Λ༰ྔ΁ॆి͞ΕΔి
ྲྀͱͯ͠ϞσϧԽͨ͠ϞσϧΛTSDPC(Time-Series Charging of Divided
Parasitic Capacitance)Ϟσϧͱ͍͏ (ਤ 3.3)[29]ɽ֤λΠϛϯάຖ (tn)
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RF input +
RF input -
LNA: Low Noise Amp.
MIX: Mixer
PLL: Phase Locked Loop
TIA: Trans Impedance Amp.
PGA: Programmable Gain Amp.
LPF: Low Pass Filter
LNA MIX
TIA
PGA LPF
I signal +
I signal -
Q signal +
Q signal -
MIX
TIA
PGA LPF
PLL
External
Clock
(26MHz)
ਤ 3.2: LTE௨৴γεςϜ༻ड৴ճ࿏
ͷσδλϧճ࿏ͷಈ࡞Λղੳ͠ɼͦͷॠؒʹಈ࡞͢Δσδλϧճ࿏Λٻ
Ίɼͦͷ༰ྔ஋Λ୯Ұͷ༰ྔͱͯ͠ϞσϧԽ (Cn)͢ΔɽϞσϧશମͱ͠
ͯ͸ɼ֤λΠϛϯάͰಈ࡞͢Δશ༰ྔ͕઀ଓ͞ΕͨϞσϧʹͳΔɽղੳ
࣌ʹ͸ɼT = tnͷλΠϛϯάͰ CnΛॆి͠ɼిݯ഑ઢ্ʹిྲྀΛྲྀ͢
͜ͱͰిݯ഑ઢ্ͷిѹมಈΛղੳ͢Δɽ
͜ͷϊΠζൃੜݯANG͸TSDPCϞσϧΛճ࿏࣮૷͢Δ͜ͱͰ೚ҙͷ
ϊΠζൃੜΛߦ͏ճ࿏Ͱ͋Δ [67]ɽਤ 3.4ʹ TSDPCϞσϧΛճ࿏࣮૷
ͨ͠ TCELLճ࿏Λࣔ͢ɽ͜ͷճ࿏Λෳ਺ฒ΂ɼ࣌ؒຖʹͦΕͧΕΛॆ
์ిಈ࡞Λͤ͞Δ͜ͱͰɼ೚ҙͷσδλϧճ࿏ͷϊΠζΛൃੜͤ͞Δ͜
ͱ͕Ͱ͖ΔɽANGͷ֓ཁΛਤ 3.5ʹࣔ͢ɽ͜ͷνοϓʹ౥ࡌ͞Ε͍ͯΔ
ANGͷ TCELLʹ͸MOSεΠονͱMOS༰ྔ͕ 6bit෼౥ࡌ͞Ε͍ͯ
ΔɽεΠονΛ੾Γସ͑Δ͜ͱͰMOS༰ྔʹॆి͕͞ΕΔͨΊɼͦͷͱ
͖ʹྲྀΕΔిྲྀ͕ANGͷൃੜ͢ΔϊΠζͱͳΔɽTCELL͕ 8ݸͳΒΜ
ͩ΋ͷ͕ϒϩοΫͱͳΓɼ͞Βʹ 18ݸͳΒΜͩ΋ͷ͕͜ͷ SoCʹ౥ࡌ͞
Ε͍ͯΔANGͰ͋Δɽॆి͞ΕΔ༰ྔ͸NCodeʹΑͬͯಈ࡞Λઃఆ͢Δ
͜ͱ͕ग़དྷΔɽ
͜ͷଌఆγεςϜͰ͸RFड৴ճ࿏ͱANGΛ༻͍Δ͜ͱͰແઢ௨৴༻
ͷSoCͰͷج൘্ͷΧοϓϦϯάΛ໛ٖ͢Δ͜ͱ͕Մೳʹͳ͍ͬͯΔɽRF
ड৴ճ࿏ͷಈ࡞ઃఆ͸ɼϩʔΧϧ৴߸͕ 2120MHzɼଳҬ͸ 5MHzͱͳͬ
͍ͯΔɽೖྗ͞ΕΔRF৴߸͸ 2121MHzͰ͋ΔͨΊɼμ΢ϯίϯόʔτ
3.2. ධՁγεςϜ֓ཁ 45
Z
Z
Off -chip impedance T=t 1 T=t 2 T=t n+1T=t n
C1 C2 Cn+1Cn
time
ਤ 3.3: TSDPCϞσϧ
TSDPC Model TCELL
Vdd
Vss
Vdd
Vss
ਤ 3.4: TSDPCϞσϧͱͦͷճ࿏࣮૷ (TCELL)
ޙ͸ 1MHzʹαΠϯ೾ͷ৴߸͕ݱΕΔɽANGͷಈ࡞प೾਺Λ 124.8MHz
ʹઃఆ͢Δ͜ͱͰɼͦͷ 17࣍ߴௐ೾ͷ 2121.6MHzʹϊΠζΛ஫ೖ͢Δ
͜ͱ͕ग़དྷΔͨΊɼμ΢ϯίϯόʔτޙ͸ 1.6MHzʹϊΠζͷ৴߸͕ݱ
ΕΔɽ
3.2.4 OCMճ࿏֓ཁ
νοϓ্ͷిѹΛଌఆ͢ΔOCMͷߏ੒Λਤ 3.6ʹࣔ͢ɽOCMʹ͸ϓ
ϩʔϏϯάϑϩϯτΤϯυ (PFE)͕ෳ਺౥ࡌ͞Ε͍ͯΔɽج൘্ͷిҐ
͸ιʔεϑΥϩΞ (SF)Ͱঢѹ͞Εͨ͋ͱɼϥονίϯύϨʔλ (LC)Ͱ
Vrefͱൺֱ͞ΕΔ͜ͱͰσδλϥΠζ͞ΕΔɽOCMʹ͍ͭͯͷৄࡉ͸ୈ
4ষͰड़΂Δɽ
46ୈ 3ষ ج൘ΫϩετʔΫͷϘʔυɾύοέʔδɾνοϓ౷߹ղੳٕज़
1*C 4*C 16*C
2*C 8*C 32*C
ਤ 3.5: ೚ҙϊΠζൃੜث (ANG:Arbitrary noise generator) ֓ཁ
3.2.5 ࣮૷Ϙʔυ
͜ͷνοϓΛ࣮૷ͨ͠ϘʔυͱνοϓͷϨΠΞ΢τͷશମ૾Λਤ 3.7
ʹࣔ͢ɽϘʔυ͸ FR-4 ج൘Λ࢖༻͠ύοέʔδϯά͸ Ball Grid Ar-
ray(BGA)ͰߦΘΕ͍ͯΔ RFճ࿏͸νοϓ্ଆɼANG͸த৺ʹ͋Γɼ
OCM͕ 2ͭANGͷ྆ଆʹ഑ஔ͞Ε͍ͯΔɽ
3.3 ϑϧνοϓϨϕϧͷϊΠζ݁߹ղੳϑϨʔϜ
ϫʔΫ
3.3.1 ղੳϑϩʔ
ϑϧνοϓͰͷج൘ϊΠζͷΞφϩάճ࿏΁ͷӨڹͷղੳϑϩʔΛਤ
3.8ʹࣔ͢ɽ·ͣɼϊΠζݯͷಈ࡞ঢ়ଶΛೖྗ͢Δɽ࣍ʹɼνοϓશମͷిݯ
ωοτ΍γϦίϯج൘ͷϞσϧΛؚΉChip power model(CPM)ͱϊΠζ
ݯͷಈ࡞ϞσϧͷPower supply current consumption model(PSCM)Λ༻
͍ɼϊΠζݯج൘ϊΠζͷൃੜΛߦ͏ɽͦ ͷޙɼղੳ݁Ռ͔Βର৅ͷΞφϩ
άճ࿏௚Լͷج൘ϊΠζ೾ܗΛ Piece Wise Linear waveform model(PWL)
ܗࣜͰऔಘ͢Δɽࠓճͷ৔߹ɼLNA಺ͷMOSFETͷόϧΫҐஔͷϊΠζ
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ਤ 3.6: ΦϯνοϓిѹϞχλ (OCM: On-Chip Monitor) ֓ཁ
೾ܗͰ͋Δɽ͞Βʹɼͦͷ೾ܗΛର৅ͷΞφϩάճ࿏ϞσϧͷTransistor
level model(CDL)ͱBehavioal model(BHM)ͷج൘୺ࢠʹ઀ଓ͠ɼج൘
ϊΠζ͕ೖྗ͞Ε͍ͯΔঢ়ଶͷΞφϩάճ࿏ϞσϧΛ࡞੒͢Δɽ࠷ޙʹɼ
࡞੒ͨ͠ϞσϧΛղੳ͠ɼج൘ϊΠζͷӨڹΛड͚ͨΞφϩάճ࿏ͷಈ
࡞Λऔಘ͢Δɽ
3.3.2 ϊΠζݯ͔Βͷج൘ϊΠζ
νοϓ಺ͷճ࿏ಈ࡞͸࣮૷͞Εͨύοέʔδ΍ϘʔυͱݴͬͨΦϑνο
ϓͷΠϯϐʔμϯεʹେ͖͘ґଘ͢ΔͨΊɼϊΠζͷൃੜ΍఻ୡ΋ਤ 3.9
ʹࣔ͢Α͏ʹɼΦϑνοϓͷΠϯϐʔμϯεʹରͯ͠େ͖͘ґଘ͢Δɽै ͬ
ͯɼνοϓ্ͷϊΠζ఻ୡΛղੳ͢ΔͨΊʹ͸͜ΕΒͷ࣮૷ΛؚΜͩղ
ੳΛߦ͏ඞཁ͕͋Δɽ࣮૷ΛؚΜͩج൘ϊΠζղੳϞσϧͷ࡞੒Λߦ͏
ϑϩʔΛࣔ͢ɽ͜ͷϑϩʔͰ͸ిݯϊΠζͱج൘্ͷϊΠζ఻ୡͷղੳ
Λߦ͏ͨΊɼిݯ഑ઢͱγϦίϯج൘ͷΈΛߟྀʹೖΕ͍ͯΔɽ
ਤ 3.10ͷࠨଆͷϑϩʔ͸ύοέʔδͱϘʔυͷϞσϧԽϑϩʔͰ͋
ΔɽΨʔόʔσʔλͱͯ͠σʔλΛೖྗ͠ɼ·ͨͦΕΒͷ഑ઢࡐྉ΍Π
ϯϐʔμϯεͱ͍ͬͨσʔλΛςΫϊϩδϑΝΠϧ͔Βೖྗ͠ɼϘʔυɾ
ύοέʔδϞσϧΛ࡞੒͢Δɽ࡞੒͞ΕͨϞσϧ͸ SPICEϞσϧͱͳͬ
͍ͯΔɽӈଆͷϑϩʔ͸νοϓ಺ͷϞσϧԽϑϩʔͰ͋Δɽϑϧνοϓ
ͷGDSϑΝΠϧͱج൘ϓϩϑΝΠϧ΍૚ߏ଄ͱ͍ͬͨςΫϊϩδϑΝΠ
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ਤ 3.7: ϘʔυͱνοϓϨΠΞ΢τ
CPM: Chip power model
PSCM: Power supply current consumption model
PWL: Piece wise linear waveform model
CDL: Transistor level netlist
BHM: Behavioral model 
[PWL]
[CDL and BHM]
Substrate noise
interference
with victims
Substrate noise
generation
from aggressors
[CPM and PSCM]
Analysis of 
noise coupling
Scenario of 
noise emulation
Substrate noise
waveforms
ਤ 3.8: ϑϧνοϓج൘ϊΠζղੳϑϩʔ
ϧΛೖྗ͠ɼνοϓͷిݯ഑ઢΛநग़͠ɼSPICEϑΝΠϧͱͯ͠Ϟσϧ
Խ͢ΔɽϊΠζݯ͸ผʹ༻ҙ͢ΔͨΊɼϊΠζݯ͸আڈͨ͠Ϟσϧͱ͠
͍ͯΔɽిݯిྲྀͷϞσϧ͸ϊΠζݯͷ SPICEϞσϧΛ࢖༻͢Δɽ͜Ε
ΒϘʔυɾύοέʔδɾνοϓɾϊΠζݯͷϞσϧΛ઀ଓ͠ɼ࣮૷ΛؚΜ
ͩγϦίϯج൘ղੳ༻ͷϞσϧΛ࡞੒͢Δɽ͜ͷνοϓ্ͷϊΠζ఻೻
Λղੳ͠ɼϊΠζ͕ӨڹΛ༩͑ΔΞφϩάճ࿏ͷճ࿏ૉࢠ௚Լͷ೾ܗΛ
औಘ͢Δɽ
ਤ 3.11ʹϘʔυɾύοέʔδɾνοϓΛ઀ଓͨ͠ύογϒͳϞσϧΛ
͍ࣔͯ͠ΔɽϘʔυ্ʹ͸ 10ݸͷిݯ୺ࢠ͕͋ΓɼͦΕͧΕDCతʹ෼
཭͞Ε͍ͯΔ͕ɼGND୺ࢠ͸ಉҰʹͳ͍ͬͯΔɽ͜ͷPCBϘʔυϞσϧ
͸ి࣓քղੳιϧόʹΑͬͯϚϧνϙʔτͷ Sύϥϝʔλͱͯ͠ग़ྗ͞
Ε͓ͯΓɼͦΕΛLCRͷ౳Ձճ࿏Ϟσϧʹม׵ͨ͠΋ͷͰ͋ΔɽBGAΠ
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V
V
Z Zboard sub
RF/Analog
Digital
ノイズ伝達経路
ノイズ発生量
ਤ 3.9: ϊΠζͷൃੜͱ఻ୡʹؔΘΔΠϯϐʔμϯεͷྫ
ϯλʔϙʔβͷ࡞੒ʹ΋ి࣓քղੳιϧόΛ༻͍ͨɽBGAΠϯλʔϙʔ
βʹ͸ిݯ༻ʹ 61ݸͷ൒ాϘʔϧ͕͋ΓɼLRͷ௚ྻΠϯϐʔμϯεΛ
௨ͯ͡νοϓʹ௨͍ͯ͡ΔɽΠϯλʔϙʔβ಺ͷ഑ઢؒͷ૬ޓ݁߹͸খ
͍͞΋ͷͱߟ͑ແࢹ͍ͯ͠ΔɽνοϓϞσϧͷ࡞੒ʹ͸ύϫʔɾγάφ
ϧΠϯςάϦςΟղੳ༻ιϧόΛ༻͍ͨɽνοϓ্ͷిݯ഑ઢ͸ 61ຊ͋
ΓɼͦΕͧΕ͕૬ޓʹج൘΍഑ઢΧοϓϦϯάΛ௨ͯ݁͠߹͍ͯ͠ΔϞ
σϧΛ࡞੒͍ͯ͠Δɽ
ਤ 3.12ʹ͸ɼANGͷ SPICEϞσϧΛ઀ଓͨ͠ϞσϧΠϝʔδΛࣔ
͍ͯ͠ΔɽΦϑνοϓΠϯϐʔμϯεωοτϫʔΫ͸BGAΠϯλʔϙʔ
βͱPCBϘʔυʹରԠ͠ɼΦϯνοϓΠϯϐʔμϯεωοτϫʔΫ͸ϑ
ϧνοϓͷύογϒϞσϧʹͳ͍ͬͯΔɽ͜ͷύογϒϞσϧʹANGͷ
LPE(Layout Parasitic Extraction)Λ࢖༻ͯ͠ANG಺ͷ഑ઢ఍߅౳Λந
ग़ͨ͠ SPICEϞσϧΛ઀ଓ͍ͯ͠Δɽ࣌ؒྖҬͰղੳΛߦ͍ɼANG͕
ಈ࡞͢Δ͜ͱͰύογϒϞσϧͷ഑ઢʹిྲྀ͕ྲྀΕɼిѹมಈ͕ൃੜ͠
ج൘ిҐΛมಈͤ͞ɼج൘ϊΠζͱͯ͠఻ୡ͍ͯ͘͠ղੳ͕ߦ͑Δɽ
3.3.2.1 ج൘ϓϩϑΝΠϧͷಉఆ
͜ͷνοϓͷϞσϦϯάʹ࢖༻ͨ͠ج൘ϓϩϑΝΠϧͷಉఆख๏Λࣔ
͢ɽp-well΍ n-wellɼdeep n-well(DNW)ͷਂ͞΍఍߅཰΍ PNδϟϯΫ
γϣϯ༰ྔͱ͍ͬͨɼج൘ϓϩϑΝΠϧΛಉఆ͢ΔͨΊͷϨΠΞ΢τΛ
ਤ 3.13ʹࣔ͢ɽਤ 3.13(a)͸ wellͷਂ͞ͱ఍߅཰Λಉఆ͢ΔͨΊͷϨ
50ୈ 3ষ ج൘ΫϩετʔΫͷϘʔυɾύοέʔδɾνοϓ౷߹ղੳٕज़
ਤ 3.10: ిݯ͓Αͼج൘ϊΠζ೾ܗऔಘͷͨΊͷղੳϑϨʔϜϫʔΫ
ΠΞ΢τͰɼLength͸ 10 μmɼ20 μmɼ40 μmͷ 3ύλʔϯΛ࡞੒ͨ͠ɽ
ࠨӈͷύουؒʹిѹΛ͔͚Δ͜ͱͰ఍߅Λଌఆ͢Δɽਤ 3.13(b)͸PN
δϟϯΫγϣϯ༰ྔΛଌఆ͢ΔͨΊͷϨΠΞ΢τͰ͋Γɼࠨӈͷύουؒ
ͷ SύϥϝʔλΛωοτϫʔΫΞφϥΠβͰଌఆ͢ΔɽPNδϟϯΫγϣ
ϯ༰ྔ͸ଆ໘ͱఈ໘Ͱ஋͕ҟͳΔͨΊɼఈ໘ੵ͕ҟͳΓपғ௕͸ಉ͡Ϩ
ΠΞ΢τΛ༻ҙ͠ɼͦͷࠩ෼Λ༻͍Δ͜ͱͰͦΕͧΕಉఆͨ͠ɽ
͜ΕΒͷଌఆ݁Ռ͔ΒٻΊͨج൘ϓϩϑΝΠϧͷ஋Λ༻͍ɼୈ 2ষͰ
༻͍ͨج൘ϞσϦϯάख๏Λ༻͍ɼͦΕͧΕͷύλʔϯʹରͯ͠DCղ
ੳͱ SύϥϝʔλղੳΛߦͬͨ݁Ռ͕ਤ 3.14Ͱ͋Δɽ఍߅஋ɼ༰ྔ஋ڞ
ʹଌఆͱਫ਼౓Α͘Ұக͍ͯ͠Δɽ఍߅஋ͷ p-wellͷղੳͷΦϑηοτ͕
ଌఆΑΓ௿͘ͳ͍ͬͯΔ͕ɼ͜Ε͸ p+ͷDiffusionͷϞσϧʹΑΔޡࠩ
ͩͱߟ͑ΒΕΔɽ͜ͷج൘ϓϩϑΝΠϧͷ݁ՌΛ༻͍ɼνοϓͷϞσϦ
ϯάΛߦͬͨɽ
3.3. ϑϧνοϓϨϕϧͷϊΠζ݁߹ղੳϑϨʔϜϫʔΫ 51
PCB BGA interposer ChipPower source
BGA
ANG/OCM power input
RF power input
Chip
R
F
 d
om
ai
n
O
C
M
 d
om
ai
n
A
N
G
 d
om
ai
n
Vdd to Vss
coupling
Pwell
resistor
Vss wire
Vdd to Vdd
coupling
1 1 7 7 7
2OCM_Vdd-high 10 10 10 10
OCM_Vdd-low 1 111 1
1 10101 10
ANG_Vdd_low 3 6 6 6 6
ANG_Vdd-high 1 2 2 2 2
RF_Vdd-high 2 7 7 7 7
RF_Vdd-low 1 2 2 2 2
16 161 161
ਤ 3.11: γϦίϯج൘ϞσϧͱϚϧνυϝΠϯͷ PDN(Power Derivery
netowork)ΛؚΜͩύογϒϞσϧ
3.3.3 Ξφϩάճ࿏΁ͷϊΠζ
RFड৴ճ࿏಺Ͱ࠷΋ײ౓ͷߴ͍ճ࿏͕ LNAͰ͋Δɽͦͷଞͷߴप೾
ྖҬͰಈ࡞͢ΔΞφϩάճ࿏ʹ͍ͭͯ͸ɼVCO͸ಈ࡞प೾਺͕ϩʔΧϧ
৴߸ͷഒͱͳ͍ͬͯΔͨΊɼϊΠζͷߴௐ೾੒෼΋খ͘͞ͳΓӨڹ΋খ
͍͞ͱߟ͑ΒΕΔɽ·ͨɼMIX͸ిྲྀಈ࡞Ͱ͋ΔͨΊϊΠζͷӨڹ͕খ
͍͞ͱߟ͑ΒΕΔɽ
ͦͷͨΊɼ͜ͷݚڀͰ͸ LNAͷMOSFETʹରͯ͠ϊΠζΛ஫ೖ͢Δ
ํ਑ΛऔΔɽਤ 3.15ʹΞφϩάճ࿏ղੳϞσϧΛࣔ͢ɽ͜ͷճ࿏͸τϥ
ϯδελϨϕϧͷճ࿏ͱϏϔΠϏΞͷճ࿏ϞσϧͰߏ੒͞Ε͍ͯΔɽ͜ͷ
தͰ࠷΋ߴײ౓ͳճ࿏͸ LNAͰ͋ΔͨΊɼLNAͱͦͷޙஈͷMIX͸τ
ϥϯδελϞσϧͱͳ͓ͬͯΓɼͦΕҎ֎͸ϏϔΠϏΞϞσϧͰߏ੒ͯ͠
͍ΔɽߋʹLNAͷͲͷ෦෼ʹϊΠζΛ஫ೖ͢Δ͔Ͱ͋Δ͕ɼSignal input
༻ͷMOSFETͱɼͦͷ্෦ʹ͋ΔήΠϯௐ੔༻ͱԼ෦ʹ͋ΔΧϨϯτ
ϛϥʔͷిྲྀݯͱͯ͠ͷMOSFETʹରͯ͠΋ϊΠζΛ஫ೖ͢Δɽ·ͨɼ
LNAͷճ࿏ͷதͰೖྗ৴߸ʹରͯ͠࠷΋ײ౓͕ߴ͍ૉࢠ͸ Signal input
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Substrate network
Vss wire
Vdd wire
Wire impedance CPM
Parasitic 
capacitance
ANG
model
Substrate potential
Probing
Z
Z
Off -chip impedance network On-chip impedance network
ਤ 3.12: ϊΠζݯΛؚΜͩిݯ͓Αͼج൘ϊΠζղੳϞσϧ
༻ͷMOSFETͰ͋Δɽ͜ΕΒͷૉࢠͷBulk୺ࢠʹରͯ͠ϊΠζ఻ୡղ
ੳͰऔಘͨ͠ PWL৴߸Λೖྗ͢Δ͜ͱͰΞφϩάճ࿏ͷϊΠζͷӨڹ
Λղੳ͢Δɽ
3.4 ղੳ݁Ռ
3.4.1 ج൘ϊΠζ఻ୡղੳ
લઅͰ࡞੒ͨ͠ղੳϞσϧͰτϥϯδΣϯτղੳΛߦ͍ɼANGͷۙ๣
ͷ೾ܗͰOCMʹΑΔଌఆͱൺֱΛߦͬͨ (ਤ 3.16)ɽ͜ͷղੳͷ ANG
ͷಈ࡞ઃఆ͸ΫϩοΫप೾਺͕ 124.8MHzɼಈ࡞͢ΔANGϒϩοΫ͸ࠨ
ଆ 2ͭͱ 4ͭͰϊΠζൃੜن໛ͷҧ͍΋ධՁ͢ΔɽOCMͷଌఆͰ͸PFE
ʹϊΠζݯͷಈ࡞ʹΑͬͯΦϑηοτ΍ήΠϯ͕͔͔͓ͬͯΓɼͦΕΛ࠷
খͱ͢ΔͨΊʹɼόοΫάϥ΢ϯυͷϊΠζΛআڈͨ͠ޙͷ೾ܗΛ༻͍
͍ͯΔɽANGͷϊΠζ೾ܗ͸ଌఆͱղੳͰܗঢ়͕Α͘Ұக͓ͯ͠Γɼ೾
ܗͷ࠷େ஋ͱ࠷௿஋ͷࠩ෼Ͱ͋Δ VppͷൺֱͰ͸࠷େ 19.2%ͷޡࠩਫ਼౓
Ͱղੳ͕ߦ͍͑ͯΔɽ·ͨɼਤ 3.17ج൘શମͷϚοϓͰͷ Vppͷݮਰͷ
༷ࢠΛࣔ͢ɽଌఆͱղੳͰݮਰ͸Α͘Ұக͓ͯ͠ΓɼLNAۙ๣Ͱ͸-34.2
dBVͱඇৗʹখ͍͞஋ʹͳ͍ͬͯΔ͜ͱ͕෼͔Δɽ͜ΕΒͷଌఆͱͷൺ
ֱ͔Βɼج൘ϊΠζ఻ୡͷύογϒ͓ΑͼΞΫςΟϒϞσϧ͸ਫ਼౓Α͘
ϞσϦϯά͕Ͱ͖͍ͯΔͱߟ͑ΒΕΔɽ
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Substrate
Pad Pad
Length[ m]
Length [μ
μ
m]
DC ProbeDC Probe
(a)
(b)
Substrate
Pad Pad
RF Probe(GSG) RF Probe(GSG)
40μm
40μm
20μm
80μm
p-well n-well
10 μm
p-well/n-well/DNW
ਤ 3.13: Well(p-wellɼn-wellɼDNWͷج൘ϓϩϑΝΠϧಉఆ༻ϨΠΞ΢τ
3.4.2 Ξφϩάճ࿏΁৵ೖ͢ΔϊΠζͷղੳ
ղੳʹΑͬͯऔಘ͞ΕͨLNAͷMOSFET௚ԼͷϊΠζ೾ܗΛਤ 3.18
ʹࣔ͢ɽγϦίϯج൘͔ΒͷϊΠζରࡦͱͯ͠ɼLNA಺ͷMOSFET͸
͢΂ͯDNW಺ʹ࡞ΒΕɼͦͷଞͷج൘͔Β͸෼அ͞Ε͍ͯΔͨΊɼ௿
प೾੒෼͕େ෯ʹΧοτ͞Ε͓ͯΓɼLNAۙ๣ͷ p-well͸-34.2 dBVͩ
͕ɼDNW಺෦͸-54.6 dBVͱͳ͍ͬͯΔɽϊΠζͷৼ෯Ͱ 90.4 %ͷݮਰ
͕ى͍ͬͯ͜Δɽ
ਤ 3.18ͷϊΠζΛLNAͷMOSFETͷBulk୺ࢠʹରͯ͠ೖྗ͠ɼड
৴ճ࿏ͷೖྗʹ͸ 2121 MHzͷਖ਼ݭ೾ (RF test tone)Λೖྗͨ݁͠ՌΛ
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ਤ 3.14: ج൘ϓϩϑΝΠϧಉఆ݁ՌΛ࢖༻ͨ͠ղੳ (a)఍߅ͷDCଌఆɾ
ղੳ݁Ռ (b)PNδϟϯΫγϣϯ༰ྔͷ Sύϥϝʔλଌఆɾղੳ݁Ռ
ਤ 3.19ʹࣔ͢ɽϊΠζͷ 17࣍ߴௐ೾͕ 2121.6 MHzɼRF test tone͕
2121 MHzɼϩʔΧϧप೾਺͸ 2120 MHzͰ͋ΔͨΊɼͦΕͧΕμ΢ϯί
ϯόʔτ͞Εͯ 1.6 MHzͱ 1 MHzʹݱΕ͍ͯΔͷ͕෼͔ΔɽANGͷಈ
࡞ϒϩοΫ਺ͷҧ͍ʹΑͬͯ΋͕ࠩݱΕ͓ͯΓɼ͜ͷϑϩʔʹΑͬͯج
൘ϊΠζղੳ͕ՄೳͰ͋Δͱݴ͑Δɽ
͜ͷղੳ݁ՌͰ͸ɼಈ࡞ϒϩοΫͷҧ͍ʹΑΔग़ྗεϓϦΞεύϫʔ
ͷࠩ͸Δ = 1.4dBͱͳ͍ͬͯΔɽج൘͔Βͷճ࿏΁ͷӨڹ͸༰ྔ΍఍߅
౳ͷ੩తͳ݁߹ʹՃ͑ɼMOSFETͷج൘όΠΞεޮՌ౳ͷඇઢܗͳӨڹ
΋ؚ·ΕΔͨΊɼಈ࡞ϒϩοΫ਺ͷҧ͍͕ઢܗʹग़ྗʹݱΕΔΘ͚Ͱ͸
ແ͍ɽͦͷͨΊɼج൘ϊΠζͷΞφϩάճ࿏΁ͷӨڹղੳ͸ఆྔతͳධ
Ձ͸ࠔ೉Ͱ͋Γɼఆੑతͳൺֱ͕ग़དྷΔ·ͰʹͱͲ·͍ͬͯΔɽ·ͨɼ࣮
ࡍͷଌఆͰ͸Ϙʔυ΍ύοέʔδͷΧοϓϦϯά΍࣓ք݁߹౳΋ؚ·Ε
͓ͯΓɼج൘ϊΠζͷΈΛର৅ͱͨ͜͠ͷղੳͱ͸୯७ʹൺֱ͢Δ͜ͱ
͕ग़དྷͳ͍ͨΊɼଌఆ݁Ռ͸ࡌ͍ͤͯͳ͍ɽҰํͰɼଌఆɾղੳର৅Λ
νοϓͷΈΛର৅ͱ͠ɼཧ૝తͳঢ়ଶ (ϓϩʔϏϯάʹΑͬͯνοϓʹి
ݯΛڙڅ͢Δ౳)ͰଌఆɾղੳΛߦͬͨ৔߹ɼଞͷΧοϓϦϯάΛߟྀ͢
Δඞཁ͸ແ͘ͳΔ͕ɼ࣮૷͞Εͨঢ়ଶͰͷج൘ϊΠζͱ͸ҟͳͬͨ΋ͷ
ʹͳͬͯ͠·͏ͱ͍͏໰୊͕ൃੜ͢ΔɽͦΕΒΛ౿·͑ɼ͜ͷ࣮ݧͰ͸
ج൘্ͷϊΠζ೾ܗʹ͍ͭͯOCMͷଌఆ݁Ռͱൺֱ͢Δ͜ͱͰɼ͜ͷ
ղੳϑϩʔͷਫ਼౓Λอূ͢Δͱ͍͏ํ਑Λͱ͍ͬͯΔɽ࣮૷ঢ়ଶͰͷଞ
ͷ݁߹΋ؚΜͩղੳʹ͍ͭͯ͸ɼࠓޙͷେ͖ͳ՝୊ͱͳΔͱߟ͑ΒΕΔɽ
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3.5 ݁ݴ
ϑϧνοϓϨϕϧͰRFड৴ճ࿏Λ౥ࡌͨ͠ SoCʹ͓͚Δج൘ϊΠζ
ղੳϑϩʔΛ࣮ݱͨ͠ɽύογϒͷϘʔυɾύοέʔδɾνοϓϞσϧʹ
ରͯ͠ɼϊΠζݯͷϞσϧΛ઀ଓ͢Δ͜ͱͰϊΠζ఻೻ղੳΛߦ͍ɼ࣮ࡍ
ͷνοϓͰͷଌఆͱൺֱ͠ɼγϦίϯج൘্ͷϊΠζ೾ܗͷৼ෯Ͱ 19.2
%ͷޡࠩͷਫ਼౓Ͱղੳ͕Ͱ͖ͨɽ·ͨɼϊΠζղੳ͔Βऔಘͨ͠ج൘ϊΠ
ζ೾ܗΛड৴ճ࿏΁ಋೖ͢Δ͜ͱͰɼϘʔυ΍ύοέʔδʹ࣮૷ͯ͋͠
Δ SoC಺ͷΞφϩάճ࿏෦෼΁ͷج൘ϊΠζͷӨڹΛղੳͰ͖Δ͜ͱΛ
ࣔͨ͠ɽͦΕΒͷதͰɼ࣮૷ঢ়ଶͱະ࣮૷ঢ়ଶͰͷج൘ϊΠζղੳͷͦ
ΕͧΕͷϝϦοτɾσϝϦοτʹ͍ͭͯ΋࿦ͨ͡ɽ
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Signal input
Current mirror
Output(-) Output(+)
Input(+)Input(-)
Gain select
Vss
Vdd
Target transistors
Transistor model Behavioral model
RF test
tone
Output
signal
Bulk
Noise injection
ਤ 3.15: ج൘ϊΠζ஫ೖͷͨΊͷड৴ճ࿏Ϟσϧ
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ਤ 3.16: ANGۙ๣ͷϊΠζ೾ܗͷଌఆɾղੳ݁Ռɽ (a) 2ϒϩοΫ (b) 4
ϒϩοΫ
ਤ 3.17: ج൘શ໘ͷϊΠζͷ Vppͷଌఆɾղੳ݁Ռ
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ਤ 3.18: LNAʹ͋ΔDNW಺ʹ഑ஔ͞ΕͨɼMOSFETͷBulkిҐղੳ
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ਤ 3.19: ड৴৴߸ͷଳҬ಺ʹج൘ిҐΛೖΕͨͱ͖ͷग़ྗ೾ܗղੳ݁Ռ
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4.1 ॹݴ
εϚʔτϑΥϯͳͲʹ୅ද͞ΕΔϞόΠϧ௨৴୺຤ͷීٴʹΑͬͯɼۙ
೥ͷແઢ௨৴ʹΑΔσʔλτϥϑΟοΫ͸্ঢͷҰ్ΛͨͲ͍ͬͯΔɽͦ
ͷΑ͏ʹ૿Ճ͢ΔσʔλτϥϑΟοΫʹରԠ͢ΔͨΊʹɼୈ 3.9ੈ୅ͱݺ
͹ΕΔLTE(Long Term Evolution)΍ୈ 4ੈ୅ͷLTE-Advancedͱ͍ͬͨ
৽͍͠௨৴ن͕֨ඪ४Խ͞Ε࣮༻Խ͞ΕͯΔΑ͏ʹͳ͖͍ͬͯͯΔɽ͜
ͷ LTEͰ͸৴߸ύϫʔ͕-100 dBmͰεϧʔϓοτ͕ 95%Λ௒͑ͳ͚Ε
͹ͳΒͳ͍ͱ͍͏͜ͱ͕ 3GPPͰن֨Խ͞Ε͓ͯΓɼઃܭ࣌ʹɼ௨৴ੑ
ೳͷධՁΛߦ͏৔߹ɼ௨৴෦෼ͷ RFΞφϩάճ࿏ͷΈͰଌΔ͚ͩͰ͸
ෆे෼ʹͳ͍ͬͯΔɽͦͷͨΊɼRFΞφϩάճ࿏ΛؚΜͩγεςϜϨϕ
ϧͰͷධՁٕज़͕ඞཁͱͳ͍ͬͯΔɽ
ແઢ௨৴ճ࿏ͷઃܭͰ͸ɼߴੑೳԽͷͨΊʹ SoC(System on a Chip)
΍ϛοΫευγάφϧ LSIͱ͍ͬͨσδλϧճ࿏ͱΞφϩάճ࿏͕ಉҰ
γϦίϯج൘্ʹ഑ஔ͞ΕΔઃܭ͕ҰൠతʹߦΘΕ͍ͯΔɽ͔͠͠ɼߴ
ੑೳʹͳΔҰํͰɼϛοΫευγάφϧ LSIͰ͸Ξφϩάճ࿏ͱσδλ
ϧճ࿏͕ಉҰγϦίϯج൘্ͱ͍͏ۙ๣ʹूੵ͞ΕΔͨΊɼϊΠζͷӨ
ڹ΋૿େ͠ɼΞφϩάճ࿏ͷੑೳྼԽʹͭͳ͕ΔՄೳੑ΋૿Ճ͢Δɽϊ
Πζͷ఻ୡܦ࿏͸γϦίϯج൘΍ύοέʔδɼϘʔυ্ͷճ࿏ૉࢠ౳ͷ
෺ཧతͳ഑ஔͱ͍࣮ͬͨ૷ʹڧ͘ґଘ͢ΔͨΊɼϘʔυ΍ύοέʔδ౳
ΛؚΜ࣮ͩ૷શମͰγεςϜϨϕϧͰͷੑೳධՁΛߦ͏ඞཁ͕͋Δɽ
͜ͷΑ͏ͳഎܠͷதɼࠓޙγεςϜϨϕϧͰͷϊΠζ଱ੑධՁٕज़͕
ॏཁͱͳͬͯ͘Δͱߟ͑ΒΕΔɽͦ͜ͰɼຊষͰ͸ LTE௨৴γεςϜʹ
ର͢ΔɼϊΠζͷӨڹධՁΛߦ͏؀ڥͷ։ൃΛ໨తͱ͢ΔɽLTEͷ௨৴
γεςϜΛ໛ٖ͢ΔγεςϜͱ RFड৴ճ࿏ͱϊΠζݯͱΦϯνοϓͷ
೾ܗϞχλΛؚΜͩ SoCΛ։ൃ͠ɼ࣮ࡍʹLTEͷ௨৴γεςϜΛ໛ٖ͢
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ද 4.1: Key parameters of LTE down-link RF channel.
Communication method LTE
1st Modulation QPSK
2st Modulation OFDM
RF Local Frequency 2120 MHz
Bandwith 5 MHz
Frame Mode FDD
ΔγεςϜΛߏஙͨ͠ɽ·ͨɼνοϓ্ͷϊΠζݯΛಈ࡞ͤ͞Δ͜ͱʹ
ΑͬͯɼRFड৴৴߸ʹϊΠζΛॏ৞͢Δ͜ͱͰγεςϜશମͷϊΠζ଱
ੑͷ਍அΛߦ͏͜ͱ໨ඪͱͨ͠ɽ
4.2 ਍அର৅γεςϜ֓ཁ
4.2.1 γεςϜશମͷ֓ཁ
ਤ 4.1ʹγεςϜશମͷ֓ཁΛࣔ͢ɽ͜ͷγεςϜ͸ LTEͷμ΢ϯ
ϦϯΫ௨৴γεςϜΛ໛ٖ͢ΔͨΊͷɼHardware In the Loop Simula-
tion(HILS)γεςϜͱͳ͍ͬͯΔɽ·ͣɼγεςϜϨϕϧ௨৴γϛϡϨʔ
λʹΑͬͯੜ੒͞Εͨ LTEͷ৴߸σδλϧσʔλ͕γάφϧδΣωϨʔ
λ (SG)ʹೖྗ͞ΕΔɽͦͷޙɼSG͔Βग़ͨ 2.120 GHzத৺ͷ LTEΞ
φϩά৴߸͕ RFड৴ճ࿏΁ೖྗ͞ΕΔɽड৴ճ࿏಺Ͱϕʔεόϯυͷ
ଳҬ·Ͱμ΢ϯίϯόʔτ͞Εͨ IQΞφϩά৴߸͕γάφϧΞφϥΠβ
(SA)ʹೖྗ͞Εσδλϧσʔλʹม׵͞Εͨޙɼσδλϧσʔλ͕௨৴
γϛϡϨʔλʹฦͬͯ͘Δɽ௨৴γϛϡϨʔλ͔Βग़ྗ͞Εͨσδλϧ
σʔλͱฦͬͯདྷͨσδλϧσʔλΛൺֱ͢Δ͜ͱͰThroughput(THP)
΍ Bit error ratio(BER)΍ Error vector magnitude(EVM)ͱͯ͠ධՁ͢
Δ͜ͱ͕Մೳʹͳ͍ͬͯΔɽ͜ͷաఔͰ SoC্ʹ഑ஔ͞Εͨ೚ҙࡶԻൃ
ੜث (ANG:Arbitrary Noise Generator)ʹΑͬͯϊΠζ͕RFड৴ճ࿏΁
ͱҹՃ͞ΕΔɽͦͷͨΊɼϊΠζʹΑͬͯͲͷఔ౓γεςϜੑೳ͕ྼԽ͢
Δͷ͔ΛධՁ͢Δ͜ͱ͕Ͱ͖Δɽ·ͨɼ͜ͷ SoC্ʹ͸On-Chip Mon-
itor(OCM)͕഑ஔ͞Ε͓ͯΓɼνοϓ্ͷج൘ిҐΛଌఆ͢Δ͜ͱ͕Մ
ೳͰ͋Γɼνοϓ্ͷϊΠζͷ఻ൖΛධՁͰ͖ΔɽγεςϜͰ࢖༻ͯ͠
͍Δ LTEͷύϥϝʔλ͸ද 4.1ʹࣔ͢ɽ
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ਤ 4.1: LTE௨৴νϟωϧ໛ٖγεςϜ
4.2.2 SoCͷཁૉճ࿏֓ཁ
͜ͷ SoCͷಛ௃Λද 4.2ʹ͍ࣔͯ͠Δɽ͜ͷ SoC͸ୈ 3ষͰ࢖༻ͨ͠
SoCͱಉ༷ͷ΋ͷͰ͋Δɻ
4.2.2.1 RFड৴ճ࿏
·ͣɼRFड৴ճ࿏ (RF)ʹ͍ͭͯड़΂ΔɽRFड৴ճ࿏ͷ֓ཁΛਤ 4.2ʹ
ࣔ͢ɽ͜ͷड৴ճ࿏͸Low-Noise Amplifier(LNA)ɼMIXers(MIX)ɼLow-
Pass Filter(LPF)ɼProgrammable Gain Amplifier(PGA)ɼPhase Locked
Loop(PLL)Λ࣋ͬͨVoltage Controlled Oscillator(VCO)ɼTrans Impedance
Amplifier(TIA)ɼLow Path Filter(LPF)ʹΑͬͯߏ੒͞Ε͍ͯΔɽSG͔
Βग़ྗ͞Εͨ IQ৴߸͸Ϙʔυ্ͷόϥϯʹΑͬͯࠩಈ৴߸ʹม׵͞Εͨ
ޙνοϓʹೖྗ͞ΕΔɽࠩಈ৴߸͸ LNAͰ૿෯͞ΕɼMIXΛ௨ΓVCO
͔ΒͷϩʔΧϧ৴߸Λ༻͍μ΢ϯίϯόʔτ͞ΕΔɽ͜ͷࡍҐ૬͕ҟͳͬ
ͨϩʔΧϧ৴߸Λ࢖͏͜ͱͰ IQ৴߸ʹม׵͞ΕΔɽMIXͷग़ྗ৴߸͸
ిྲྀͰ͋ΔͨΊɼTIAͰ࠶౓ిѹʹม׵͞ΕΔɽ͞ΒʹPGAͰ૿෯͞Ε
ͨޙɼLPFͰଳҬ֎ʹ͋Δ৴߸ΛΧοτ͠ग़ྗ͞ΕΔɽ͜ͷճ࿏ͷதͰ
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ද 4.2: ࢖༻ͨ͠ SoCνοϓͷಛ௃
Process 65 nm
Size 5 mm× 5 mm
Well Triple well
Metal 6 metals + RDL
RF RFड৴ճ࿏:LTE RF Receiver
ANG ೚ҙϊΠζൃੜճ࿏:Arbitrary Noise Generator
OCM ΦϯνοϓϞχλ:On-Chip Monitor
࠷΋ϊΠζͷӨڹΛड͚Δ෦෼͕ LNAͰ͋Δɽ͜ͷ LNA͸ 30dBఔ౓
ͷήΠϯΛ͍࣋ͬͯΔͨΊɼϊΠζʹ΋େ͖ͳӨڹΛ΋ͭͱߟ͑ΒΕΔɽ
ୈࡾষͰ͸͜ͷճ࿏ʹೖྗ͞ΕΔ৴߸͸७ਮͳਖ਼ݭ೾Ͱ͕͋ͬͨɼ͜
ͷ࣮ݧͰ͸࣮ࡍʹ LTEͷมௐ৴߸Λೖྗ͢Δ͜ͱʹͳΔɽ
RF input +
RF input -
LNA: Low Noise Amp.
MIX: Mixer
PLL: Phase Locked Loop
TIA: Trans Impedance Amp.
PGA: Programmable Gain Amp.
LPF: Low Pass Filter
LNA MIX
TIA
PGA LPF
I signal +
I signal -
Q signal +
Q signal -
MIX
TIA
PGA LPF
PLL
External
Clock
(26MHz)
ਤ 4.2: RFड৴ճ࿏֓ཁ
4.2.2.2 ೚ҙϊΠζൃੜճ࿏
࣍ʹɼANGʹ͍ͭͯड़΂ΔɽANGͷߏ੒͸ਤ 4.3ʹ͍ࣔͯ͠ΔɽANG
͸σδλϧճ࿏ͷిྲྀফඅաఔΛΤϛϡϨʔτ͢Δճ࿏ʹͳ͍ͬͯΔɽ͜
ͷANG͸ϊΠζൃੜݯͰ͋ΔTCELLͱɼTCELLͰൃੜͤ͞ΔϊΠζ
ྔΛઃఆΛೖΕΔ LSR(Loop Shift Register)Ͱߏ੒͞Ε͍ͯΔɽTCELL
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͸TSDPCϞσϧΛجͱͨ͠ϊΠζൃੜݯͰ͋ΔɽTSDPCϞσϧ͸σδ
λϧճ࿏ͷফඅిྲྀΛ༰ྔ΁ͷॆిͱΈͳͨ͠Ϟσϧ [29]Ͱ͋Γɼ͋Δ
λΠϛϯάͰಈ࡞͢Δσδλϧճ࿏ͷফඅిྲྀΛ༰ྔ΁ͷॆిͱͯ͠Ϟ
σϧԽ͍ͯ͠Δ [67]ɽ͜ͷANGͷTCELLʹ͸ 6 bit෼ͷ༰ྔ͕ೖ͓ͬͯ
Γɼ64ஈ֊ͰϊΠζྔ͕ઃఆՄೳͰ͋Δɽ͜ͷTCELLΛ 8ݸΞϨΠঢ়ʹ
ฒ΂ͨ΋ͷ͕ANG BlockͱͳΓɼߋʹͦΕΛ 18ݸฒ΂ͨ΋ͷ͕ANGશ
ମͱͳΔɽANG Blockʹ͸TimGenͱ͍͏ΫϩοΫίϯτϩʔϥ͕ೖͬ
͍ͯΔɼ͜ΕʹΑ֤ͬͯϒϩοΫʹΫϩοΫΛ෼प΍஗ԆΛͤ͞Δ͜ͱ
Ͱ༷ʑͳλΠϛϯάͰͷಈ࡞͕ՄೳͰ͋Δɽ͜ͷ ANG಺ʹ͸ 144ݸͷ
TCELL͕͋ΓɼͦΕΒΛ͢΂ͯಈ࡞ͤͨ͞৔߹ʹॆి͞ΕΔ༰ྔ͸ 907
pFͱͳΔɽ͜ͷ༰ྔ͸ 2NANDͷελϯμʔυηϧ׵ࢉͰ໿ 1 MGateʹ
૬౰͢Δɽ
ANG Block
Arbitrary Noise Generator Top
C.code & clock
C.code
TCELL (6bit capacitor array)
1
20 64 108 1412 16
3 75 119 1513 17
Block Block Block Block Block Block Block Block Block
Block Block Block Block Block Block Block Block Block
Clock
C.Code
TimGen
LSR
TCELL
LSR LSR LSR
LSR LSR
LSR (TCELL Controller)
LSRLSR
TCELL TCELL TCELL
TCELL TCELL TCELL TCELL
Clock devider
Clock delay
Clock ClockC.Code
LSR:Loop Shift Resister
C2*Ct4*C
8*C16*C32*C
ਤ 4.3: ೚ҙࡶԻൃੜث (ANG)֓ཁ
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4.2.2.3 ΦϯνοϓϞχλ
OCMʹ͍ͭͯड़΂ΔɽOCMͷߏ੒͸ਤ 4.4ʹ͍ࣔͯ͠Δ [22]ɽOCM͸
PFE(Probing FrontEnd)ɼVG(Voltage Generator)ͱTG(Timming Gen-
erator)ʹΑͬͯߏ੒͞ΕΔɽPFE಺෦͸ϥονίϯύϨʔλͱιʔεϑΥ
ϩΞճ࿏͔ΒͳΔɽνοϓ্ͷϓϩʔϒର৅͔Βͷ 0 V෇ۙͷిѹΛιʔ
εϑΥϩΞʹΑͬͯઢܗঢѹͨ͋͠ͱɼϥονίϯύϨʔλʹΑͬͯϦ
ϑΝϨϯεిѹ (Vref)ͱൺֱ͢Δ͜ͱͰిѹΛܾఆ͢Δɽ͜ͷ SoC্ʹ
͸ANGͷిݯ഑ઢ্ʹ 9ݸɼج൘্ʹ 42ݸͷϓϩʔϒ఺Λ഑ஔ͍ͯ͠
Δ (ਤ 4.5)ɽANGͷϊΠζͷ఻ൖΛଌఆͰ͖ΔΑ͏ʹ഑ஔ͓ͯ͠Γɼಛ
ʹ LNAͷۙ๣͸ॏཁͳϓϩʔϒ఺ͱͳΔɽ
Waveform Acquisition
Kernel (WAK)
Voltage Generator
Timing Generator
M
U
X
Probing Front Ends
(PFEs)
Vref
Vfeo
Vin
Vfeb
LC
SF
Data Proc. Unit
Vtck
FPGA Board
Host
PC
1 MHz
Meas. Clock Generator
USB BUS
Mclk
VINC
TINC
ΣDout
Off-Chip On-Chip
Circuit Under Test & PSUB
ਤ 4.4: ΦϯνοϓϞχλ (OCM)֓ཁ
4.2.3 ؍ଌγεςϜશମ૾
͜ͷ LTE௨৴γεςϜͷϊΠζ଱ੑ਍அγεςϜʹΑͬͯ؍ଌՄೳͳ
ύϥϝʔλΛਤ 4.6ʹࣔ͢ɽγεςϜͷੑೳ͸ IQ৴߸ʹؚ·ΕΔϊΠ
ζͷڧ౓΍THPɼBERɼEVMͱݴͬͨγεςϜධՁࢦඪͰ؍ଌͰ͖Δɽ
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ANG
RF
OCM
OCM
ਤ 4.5: SoC্ʹ഑ஔͨ͠ΦϯνοϓϞχλͷϓϩʔϒ఺
·ͨɼSoC಺෦ͰͷϊΠζ఻ൖʹ͍ͭͯ͸OCMʹΑͬͯݮਰ཰ͳͲ͕
ଌఆͰ͖ΔɽANGࣗମͷϊΠζग़ྗ͸ANGͷফඅిྲྀ΍ɼANG഑ઢ্
ʹ഑ஔͨ͠OCMͷϓϩʔϒ఺Ͱిѹ೾ܗͱͯ͠ଌఆՄೳͱͳ͍ͬͯΔɽ
͜ͷΑ͏ͳ਍அγεςϜΛ༻͍Δ͜ͱͰɼγεςϜͷϊΠζ଱ੑʹ͍ͭ
ͯνοϓϨϕϧ͔ΒγεςϜϨϕϧ·ͰͷแׅతͳධՁ͕ՄೳʹͳΔɽ
ਤ 4.6: ਍அγεςϜͰ਍அՄೳͳม਺Ұཡ
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4.3 ࣮ݧ݁Ռ
4.3.1 OCMͰͷଌఆ݁Ռ
ਤ 4.7 ʹ OCM ͷੑೳΛࣔ͢ɽ͜ͷଌఆ͸ɼిѹεςοϓΛ δV =
62.5 μVɼαϯϓϦϯάִؒΛ ΔT = 1psͱઃఆ͠ɼ10 MHzͷਖ਼ݭ೾
Λೖྗͨ͠ଌఆ݁ՌͰ͋Δɻ࠷΋ઢܗੑ͕ߴ͍ಈ࡞Ͱ͋Δೖྗͷ peak-
to-peak஋ Vp−p = 236.22mV ͷ࣌ɼSNR(Signal to Noise Ratio)=54.53
dBɼSFDR(Spurious Free Dynamic Range)=60.78 dBɼENOB(༗ޮϏο
τ਺:Effect Number Of Bit)=8.35 bitΛ࣮ݱ͓ͯ͠Γɼج൘ϊΠζΛे෼
ʹධՁՄೳͰ͋Δͱߟ͑ΒΕΔɽOCMΛ༻͍ɼϊΠζͷप೾਺͸125MHz
Ͱಈ࡞ͨ͠৔߹ͷɼLNAۙ๣ͷϓϩʔϒ఺ͷϊΠζ೾ܗΛଌఆͨ͠ɽANG
ͷઃఆΛ C.Code=32ɼ35ͰଌఆΛߦͬͨ݁ՌΛਤ 4.8ʹࣔ͢ɽC.Code
ͱ͸ANGͷಈ࡞ઃఆͷ௨শͰ͋Γৄࡉ͸ޙड़͢ΔɽϊΠζͷ Vp−p͸ͦ
ΕͧΕɼ71.0 mVͱ 46.5 mVͱͳΓϊΠζͷઃఆʹΑͬͯେ͖͕͞มΘ
Δ͜ͱ͕֬ೝͰ͖ͨɽ·ͨɼ͜ͷ೾ܗͷFFTΛߦͬͨ݁ՌΛਤ 4.9ʹࣔ
͢ɽ2GHzଳҬΛݟΔͱ 2.1GHzଳҬͷϊΠζ͕-67.8 dBV͔Β-74.4 dBV
΁ͱมԽ͍ͯ͠Δͷ͕෼͔Γɼߴप೾Ͱͷύϫʔ΋มԽ͍ͯ͠Δࣄ͕֬
ೝͰ͖Δɽͳ͓ɼ͜ͷप೾਺͸ANGͷಈ࡞प೾਺ͷ 17࣍ߴௐ೾ͱͳͬ
͍ͯΔɽج൘ిҐͷϐʔΫ஋Λϓϩοτͨ͠΋ͷΛਤ 4.10ʹࣔ͢ɽANG
ۙ๣͔Β LNAۙ๣·Ͱͷڑ཭ʹΑΔݮਰͰ 6.8 dBݮਰ͍ͯ͠Δ͜ͱ͕
෼͔Δɽ
4.3.2 ANGͷಈ࡞ઃఆ (C.Code)ʹ͍ͭͯ
·ͣɼLTEͷ௨৴ଳҬʹҹՃ͞ΕͨANGͷϊΠζʹ͍ͭͯઆ໌͢Δɽ
ANGͷಈ࡞प೾਺͸ 124.803 MHzͱ͓ͯ͠Γɼ͜ͷप೾਺ͷ 17࣍ߴௐ೾
͕ 2121.65MHzͱͳΔͨΊLTEͷଳҬ಺ʹϊΠζΛҹՃͰ͖Δɽਤ 4.11
ʹμ΢ϯίϯόʔτ͞ΕϊΠζ͕ҹՃ͞ΕͨޙͰ SAʹΑͬͯΩϟϓνϟ
͞Εͨ IQ৴߸ͷΠϝʔδΛࣔ͢ɽDCΛத৺ʹ 5 MHzͷ LTEͷ৴߸ଳ
Ҭ͕͋Γɼͦ͜ʹத৺͔Β 1.65 MHz཭Εͨͱ͜ΖʹɼANG͔ΒͷϊΠ
ζͷύϫʔ͕؍ଌ͞ΕΔɽϊΠζ͕ҹՃ͞Εͯͳ͍࣌ͷଳҬ಺ͷ৴߸ύ
ϫʔ PsigΛࣜ 4.1ͱఆٛ͢Δɽ
Psig =
∫
inband
P (f) · df (4.1)
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ਤ 4.7: ΦϯνοϓϞχλͷϓϩʔϏϯάϑϩϯτΤϯυ (PFE)ੑೳ (a)
SNDR,SFDR vs. αΠϯ೾ͷৼ෯ (b) FFT೾ܗ
͞ΒʹɼଳҬ಺ͷϊΠζύϫʔ Pspurͱ Psigͷ͔ࠩΒ In-band spurious
to signal ratio (ISSR)Λఆٛ͢Δ (ࣜ 4.2)ɽ
ISSR = 10log
(
Pspur
Psig
)
[dB] (4.2)
ଌఆ͢Δʹ͋ͨͬͯɼIQ৴߸ʹݱΕΔANGͷϊΠζύϫʔ͕ઢܗʹ
ͳΔΑ͏ʹͨ͠ઃఆͷηοτConfiguration code(C.Code)Λ࡞੒ͨ͠ɽͦ
ͷ݁ՌΛਤ 4.12ʹࣔ͢ɽC.Codeʹରͯ͠ IQग़ྗʹݱΕΔϊΠζύϫʔ
͕มԽ͍ͯ͠Δ͜ͱ͕෼͔ΔɽଌఆΛ௨ͯ͠ LTEͷ৴߸ύϫʔ͸Ұఆͱ
͍ͯ͠ΔͨΊมԽ͠ͳ͍ɽ͜ͷઢͷࠩ෼͕ ISSRͱͳΔɽ͜ͷC.CodeΛ
࢖͏ͱɼϊΠζͷύϫʔͷμΠφϛοΫϨϯδ͕ 30 dBҎ্औΔ͜ͱ͕
ग़དྷɼ͞Βʹίʔυʹରͯ͠ઢܗͱͳΔͨΊɼ࣮ݧΛߦ͍΍͘͢ͳΔɽ
4.3.3 THPଌఆ݁Ռ
ਤ 4.13ʹ ISSRʹର͢Δ THPͷมԽΛࣔͨ͠ɽISSRʹରͯ͠ THP
͸ٸफ़ʹมಈ͍ͯ͠Δࣄ͕Θ͔Δɽಛʹ ISSR͕ 0 dBΛӽ͑ͨลΓ͔Β
ٸफ़ͳมԽ͕ى͖ɼISSR=15dBͰ͸THP͕ 42%ͱͳ͓ͬͯΓɼϊΠζ
ʹର͢ΔγεςϜੑೳͷྼԽ͕؍ଌ͞Ε͍ͯΔɽ
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ANG Clock = 125MHz
ਤ 4.8: ΦϯνοϓϞχλʹΑΔɼLNAۙ๣ͷج൘ϊΠζ೾ܗ
4.3.4 ௨৴γεςϜͷϊΠζ଱ੑ਍அख๏
͜ͷ௨৴γεςϜʹରͯ͠ڐ͞ΕΔϊΠζύϫʔΛ਍அ͢ΔྫΛࣔ͢ɽ
ྫ͑͹ɼANGͷϊΠζ͕ҹՃ͞Ε͍ͯͳ͍ঢ়ଶͰ͸ 98.1 %ͱͳ͍ͬͯΔ
͕ɼ͔ͦ͜Β 5 %ੑೳ͕མͪͨͱ͜Ζ͕͜ͷγεςϜͷੑೳݶքͰ͋Δ
ͱఆٛ͢Δɽ͜Ε͸ THPͰ 95%Ҏ্ͱ͍͏ 3GPPͷن֨ΑΓ΋؇͍΋
ͷʹͳ͍ͬͯΔɽਤ 4.13͔Βɼͦͷঢ়ଶͷ ISSR͸ 6.3 dBͰ͋Δͱಡ
ΈऔΕΔɽ͜Ε͸C.Code=18ͷ࣌ͷϊΠζྔͰ͋Δɽਤ 4.14ʹC.Code
ͱͦͷ࣌ʹಈ࡞͢ΔANG಺ͷ༰ྔ CANGΛࣔ͢ɽ͜ͷਤͷ 2ͭ໨ͷॎ࣠
͸ઃఆͨ͠༰ྔ஋Λ 2 NANDͷήʔτ਺ʹ׵ࢉͨ࣠͠Ͱ͋Δɽ͜ͷ׵ࢉ
ʹ͸ɼ2 NANDͷ 2ͭͷೖྗ͕ͲͪΒ΋H→ LͱมԽͨ͠ࡍʹྲྀΕΔి
ྲྀ஋Λ࢖༻͍ͯ͠Δɽ͔͜͜ΒಡΈऔΔͱɼC.Code=18Ͱಈ࡞͢Δ༰ྔ
͸ 22.4 pFͰɼ2 NAND׵ࢉͰ 28k gateʹ૬౰͢Δɽ͜ͷ݁Ռ͔Βɼਤ
4.15ʹࣔ͢Α͏ʹɼ͜ͷγεςϜͰ͸σδλϧճ࿏಺Ͱ 124.8 MHzͰಈ
࡞͢Δճ࿏ϒϩοΫ͕ಉ࣌ʹ 28k gate෼ಈ࡞͢ΔͱɼੑೳΛຬͨͤͳ͍
ͱ਍அͰ͖Δɽ
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ਤ 4.9: ΦϯνοϓϞχλʹΑΔɼLNAۙ๣ͷج൘ϊΠζ೾ܗͷFFT݁Ռ
4.4 ݁ݴ
RFड৴ϑϩϯτΤϯυɼϊΠζݯͷANGͱνοϓ্ͷిѹϞχλͰ
͋ΔOCMΛ૊ΈࠐΜͩ SoCΛ։ൃ͠ɼ͞Βʹ͜ͷ SoCΛγεςϜϨϕ
ϧͰੑೳධՁՄೳͳ LTEͷ௨৴γϛϡϨʔλΛ༻͍ͨHILSγεςϜΛ
։ൃͨ͠ɽRFड৴ϑϩϯτΤϯυʹରͯ͠νοϓ಺ͷϊΠζ͕ҹՃ͞Ε
ͨ৔߹ͷγεςϜੑೳͷྼԽΛଌఆ͢Δ͜ͱ͕ग़དྷΔͨΊɼLTE௨৴γ
εςϜͷϊΠζ଱ੑ਍அ͕ՄೳͰ͋Δɽ·ͨɼOCMʹΑͬͯϊΠζݯ͔
ΒγϦίϯج൘Λ఻ΘΔϊΠζͷ఻ൖΛଌఆ͢Δ͜ͱͰɼϊΠζ͕Ͳͷ
Α͏ʹݮਰ͠Ξφϩάճ࿏΁౸ୡ͢Δ͔Λௐࠪ͢Δ͜ͱ͕ग़དྷΔɽ͜ͷ
γεςϜΛ༻͍ͯɼIQ৴߸ʹݱΕΔANGͷϊΠζΛγεςϜੑೳධՁ
͠΍͍͢ઃఆΛಋ͖ग़͠ɼ࣮ࡍʹϊΠζύϫʔͱTHPͷྼԽΛଌఆͨ͠ɽ
ͦͷ݁Ռ͔Βɼ਍அͷҰͭͷྫͱͯ͠ɼ͋Δཁٻఆٛʹରͯ͠ɼಉ࣌ʹ
ಈ࡞Մೳͳσδλϧճ࿏ن໛ΛٻΊͨɽ͜ΕʹΑͬͯɼ࣮ࡍͷγεςϜ
ʹରͯ͠ڐ༰Ͱ͖Δσδλϧճ࿏ن໛ΛٻΊΔ͜ͱ͕Ͱ͖ΔՄೳੑΛࣔ
ͨ͠ɽ
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ਤ 4.10: ΦϯνοϓϞχλʹΑΔɼνοϓશମͷ VppͷϚοϓ
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Freq.[MHz]
Band width = 300k Hz x 15 Subframe = 4.5 MHz
IQ output power [dBmW]
Spurious
0
LTE Signal
bandwidth=5MHz
Image
DC
Spurious
(a)
(b)
ਤ 4.11: RFड৴ճ࿏ͷ IQग़ྗ (a) ֓ཁ (b) εΫϦʔϯγϣοτ
-35
-30
-25
-20
-15
-10
-5
0
0 10 20 30
P
sp
u
r 
[d
B
m
W
]
C.Code
Psig
ISSR
ਤ 4.12: Configration codeͱଳҬ಺εϓϦΞεύϫʔ Pspur
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ਤ 4.13: ଳҬ಺εϓϦΞεύϫʔ PsqurʹΑΔεϧʔϓοτͷมԽ
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ਤ 4.14: Configuration codeͱANG಺Ͱॆ์ి͞ΕΔ༰ྔ (CANG)ͷؔ܎
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OK
@ 124.803 MHz
RF
Smaller than 
28k gate
THP > 92.4%
RF
28k gate
THP=92.4%
RF
Larger than
28k gate
THP<92.4%
NG
Tolerance THP Δ5 %
ISSR 6.3 dB
Pspur -15.1 dBmW
Ivdd 16.1 mA
CTCELL 22.4 pF
Active gate 28 k @ 124 MHz, 1.2 V
(a)
(b)
ਤ 4.15: ਍அͷྫ (a) ଱ੑͷ਍அ߲໨ͱ਍அ͞Εͨύϥϝʔλ (b) ਍அ
݁Ռ͔ΒಘΒΕͨσδλϧճ࿏ن໛ͷ੍໿
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ٸܹͳແઢ௨৴τϥϑΟοΫͷ্ঢʹରԠ͢ΔͨΊɼLTE΍ LTE-Aͱ
͍ͬͨߴप೾ (RF)ଳҬΛ࢖༻͢Δߴ଎ͳແઢ௨৴ن͕֨ొ৔͖͍ͯͯ͠
Δɽ͜ΕΒͷແઢ௨৴ن֨͸ߴ଎ͳ௨৴ੑೳΛ࣮ݱ͢ΔҰํͰɼແઢ௨
৴୺຤ʹ࢖༻͞ΕΔ LSIʹ΋ߴ͍ੑೳΛཁٻ͢Δɽ·ͨɼ৽͍͠ن֨ͷ
ੑೳࢦඪ͸γεςϜϨϕϧͰͷ௨৴ੑೳͰ͋Δ͜ͱ͕ಛ௃Ͱ͋Δɽͦͷ
ͨΊɼࠓޙͷແઢ௨৴୺຤ͷ։ൃऀ͸ɼߴੑೳͳΞφϩάճ࿏΍σδλ
ϧճ࿏Λઃܭ͢Δ͚ͩͰͳ͘ɼͦΕΒ͢΂ͯΛؚΜͩγεςϜͱͯ͠ͷ
ੑೳ΋ߟ͍͔͑ͯͳ͚Ε͹ͳΒͳ͍ɽ
ۙ೥ͷूੵճ࿏ٕज़ͷਐలʹΑΓɼແઢ௨৴༻ͷΞφϩάɾσδλϧࠞ
ࡌͷ SoCͷ։ൃ͕Ұൠతʹͳ͍ͬͯΔɽ͜ΕΒ͸ಉҰνοϓ಺ͰRFΞ
φϩάճ࿏ͱσδλϧճ࿏͕શؚͯ·ΕΔͨΊɼߴੑೳͳ LSIΛ௿ίε
τͰ੡଄͢Δ͜ͱ͕Ͱ͖Δɽ͔͠͠ɼಉҰνοϓ಺ʹ͋ΔͨΊɼσδλϧ
ճ࿏͔ΒΞφϩάճ࿏΁ͷϊΠζͷӨڹ΋େ͖͘ͳΔͨΊɼϊΠζʹΑ
ΔੑೳྼԽͷՄೳੑ΋େ͖͘ͳΔɽಛʹɼγϦίϯج൘Λ఻ୡ͢ΔϊΠ
ζͰ͋Δج൘ϊΠζ͸ɼߴप೾ʹͳΔ΄ͲӨڹ͕େ͖͘ͳΔͱߟ͑ΒΕ
ΔͨΊɼRFଳҬΛ࢖༻͢Δ௨৴ن֨Ͱ͸໰୊ʹͳΔͱݒ೦͞Ε͍ͯΔɽ
͜ͷΑ͏ͳഎܠͷதͰɼSoC౳ͷϛοΫευɾγάφϧ LSIઃܭͷϑ
ϩʔͱͯ͠͸ɼLSIઃܭ࣌ʹࣄલʹج൘ΫϩετʔΫͷӨڹΛݟੵΓઃܭ
Λ࠷దԽ͢Δࣄ͕ཧ૝Ͱ͋Δɽ͔͠͠ɼج൘ϊΠζͷྔ΍఻ୡ͸Ϙʔυ
΍ύοέʔδ౳ͷ֎෦ͷΠϯϐʔμϯεʹେ͖͘ґଘ͢ΔͨΊɼLSIͷઃ
ܭஈ֊Ͱղੳϑϩʔʹ૊ΈࠐΉ͜ͱ͸ඇৗʹࠔ೉Ͱ͋ΔɽͦͷͨΊɼճ
࿏ϨϕϧͰͷղੳ͸਺ଟ͘ͳ͞Ε͍ͯΔ͕ɼϘʔυ΍ύοέʔδͱ͍ͬ
࣮ͨ૷ΛؚΜͩղੳ͸গͳ͍ɽ͞Βʹɼແઢ௨৴ن֨ͷੑೳࢦඪ͕γε
ςϜϨϕϧͰͷ௨৴ੑೳͰ͋Δ͜ͱ͔Βɼ࠷ऴతʹ͸௨৴γεςϜ·Ͱ
ؚΜͩϊΠζղੳ΋ߦ͍ͬͯ͘ඞཁ͕͋Δɽ
ຊݚڀ͸ɼ௨৴γεςϜ༻ RF SoCͷγεςϜϨϕϧνοϓ಺Ϋϩε
τʔΫղੳͷͨΊʹɼճ࿏ૉࢠ΁γϦίϯج൘݁߹ղੳख๏ɼ͓Αͼ࣮૷
ΛؚΜͩΞφϩάճ࿏΁ͷΫϩετʔΫͷӨڹղੳख๏ΛఏҊͨ͠ɽ·
ͨɼಉ࣌ʹɼγεςϜϨϕϧͰͷ SoCͷϊΠζ଱ੑ਍அख๏΋ఏҊͨ͠ɽ
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ୈ 1ষͰ͸ɼݚڀഎܠͱج൘ϊΠζ΍௨৴γεςϜੑೳධՁʹؔ͢Δ
ैདྷݚڀʹ͍ͭͯઆ໌Λߦͬͨɽج൘ϊΠζ͸ओʹൃੜɾ఻ൖɾӨڹͷ 3
ͭͷஈ֊Ͱٞ࿦͞Ε͓ͯΓɼͦΕͧΕͷैདྷݚڀʹ͍ͭͯड़΂ͨɽ·ͨɼ
௨৴γεςϜϨϕϧͰͷධՁɾղੳʹ͍ͭͯ΋ɼ޿͘ߦΘΕ͓ͯΓɼݱঢ়
ͷݚڀʹ͍ͭͯड़΂ͨɽ
ୈ 2ষͰ͸ɼγϦίϯج൘ͱCMOSૉࢠؒ݁߹ධՁɾղੳʹ͍ͭͯઆ
໌ͨ͠ɽγϦίϯج൘ͱૉࢠؒͷ݁߹ධՁ͸༷ʑͳํ๏ͰߦΘΕ͍ͯΔ
͕ɼ࣮ࡍʹͦΕΛઃܭϑϩʔʹ࣋ͪࠐΉͨΊͷղੳϞσϧ࡞੒͸ߦΘΕ
͍ͯͳ͍ɽͦͷͨΊ͜ͷݚڀͰ͸ɼૉࢠͱγϦίϯج൘ͱͷ݁߹ΛධՁ
͢ΔͨΊͷςετϨΠΞ΢τΛ࡞੒͠ɼ࣮ࡍʹධՁɾϞσϦϯάΛߦͬ
ͨɽγϦίϯج൘Ϟσϧ͸୯७ͳ఍߅ϝογϡϞσϧͰ࡞੒͠ɼपғ؀
ڥΛؚΜͩγϦίϯج൘ͱૉࢠͱͷ݁߹ϞσϧΛ࡞੒͠ղੳΛߦ͍ɼߴ
ਫ਼౓Ͱղੳ͕ߦ͑Δ͜ͱΛࣔͨ͠ɽ͜ΕʹΑͬͯɼPDKͱͯ͠༩͑ΒΕ
ΔૉࢠϞσϧʹରͯ͠ج൘ϞσϧΛద੾ʹ઀ଓ͠ɼपғ؀ڥ΋ؚΜͩϞ
σϧԽΛߦ͏͜ͱͰɼૉࢠϨϕϧͰͷج൘ϊΠζ݁߹ղੳ͕ߦ͑Δ͜ͱ
Λࣔͨ͠ɽ
ୈ 3ষͰ͸ɼRF SoCʹ͓͚Δσδλϧճ࿏͔Βͷج൘ϊΠζ͕Ξφϩ
άճ࿏΁༩͑ΔӨڹͷղੳϑϩʔΛࣔͨ͠ɽ͜ͷSoCʹ͸RFड৴ճ࿏ͱ
ϊΠζݯͷANGɼSoCͷγϦίϯج൘্ͷిҐΛଌఆ͢ΔͨΊͷOCM
͕౥ࡌ͞Ε͍ͯΔɽϘʔυ΍ύοέʔδ౳ͷ࣮૷ΛؚΜͩϑϧνοϓͷ
ج൘ϞσϧΛ࡞੒͠ɼϊΠζݯΛ઀ଓ͢Δ͜ͱͰج൘্ͷిҐΛߴਫ਼౓
ʹղੳͰ͖Δ͜ͱΛࣔͨ͠ɽ·ͨɼղੳ݁Ռ͔ΒRFड৴ճ࿏ͷ࠷΋ײ౓
͕ߴ͍ LNA಺ͷMOSFETͷBulkిҐΛऔಘ͠ɼRFड৴ճ࿏ͷղੳϞ
σϧʹಋೖ͢Δ͜ͱͰج൘ϊΠζ͕ճ࿏ʹ༩͑ΔӨڹΛղੳग़དྷΔࣄΛ
ࣔͨ͠ɽ
ୈ 4ষͰ͸ɼRF SoCΛؚΜͩ௨৴γεςϜϨϕϧͰͷϊΠζ଱ੑ਍அ
γεςϜʹ͍ͭͯઆ໌ͨ͠ɽ͜ͷγεςϜ͸ແઢ௨৴ͷج஍ہͱ୺຤಺
ͷϕʔεόϯυͷσδλϧॲཧΛ໛ٖ͢ΔγϛϡϨʔλͱୈ 3ষͰ࢖༻
ͨ͠ SoCΛ࢖༻ͨ͠HILSΛߏ੒͓ͯ͠ΓɼRFड৴ճ࿏ͷੑೳΛγες
ϜϨϕϧͰධՁ͢Δ͜ͱ͕Մೳͱͳ͍ͬͯΔɽ·ͨɼSoC಺ͷϊΠζݯ
Λಈ࡞ͤ͞Δ͜ͱͰ௨৴νϟωϧଳҬ಺ʹϊΠζΛҹՃ͠ɼ௨৴γες
Ϝʹ͓͚Δνοϓ಺ͷϊΠζͷӨڹΛ਍அ͢Δ͜ͱ͕ग़དྷΔɽ
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ຊ࿦จ͸ɼචऀ͕ਆށେֶେֶӃ γεςϜ৘ใֶݚڀՊ ৘ใՊֶઐ
߈ ஌ೳ৘ใߨ࠲ Ӭాݚڀࣨʹ͓͍ͯߦͬͨݚڀ੒ՌΛ·ͱΊͨ΋ͷͰ
͢ɽ͜͜ʹޚࢦಋɼޚڠྗ௖͍ͨશͯͷํʹۘΜͰײँͷҙΛද͠·͢ɽ
ຊݚڀͷػձΛ༩͑ͯ௖͖ɼݚڀͷ͝ࢦಋΛࣀΓ·ͨ͠ਆށେֶେֶ
Ӄ γεςϜ৘ใֶݚڀՊ ৘ใՊֶઐ߈ɾӬా ਅ ڭतʹਂ͘ײँக͠·
͢ɽຊݚڀͷ਱ߦʹ͋ͨͬͯ͸ɼݚڀػࡐͷ੔උʹޚਚྗ௖͘ͱͱ΋ʹɼ
ଟ͘ͷڞಉݚڀɾֶձൃද౳ͷػձΛ༩͍͖͑ͯͨͩɼऴ࢝ʹΘͨͬͯ
೤৺͔ͭ࠙੾ͳΔޚࢦಋɼޚฬᎪΛࣀΓ·ͨ͠ɽຊݚڀΛ௨ͯ͡ଟ͘ͷ
وॏͳܦݧΛಘΔ͜ͱ͕Ͱ͖ͨ͜ͱΛ৺ΑΓײँ͍ͨ͠·͢ɽ
وॏͳ࣌ؒΛׂ͖ɼຊ࿦จΛࠪಡͯ͠௖͖·ͨ͠γεςϜ৘ใֶݚڀ
Պ ৘ใՊֶઐ߈ɾ٢ຊ խ඙ ڭतɼܭࢉՊֶઐ߈ɾԣ઒ ࡾ௡෉ ڭतʹਂ
͘ײँ͍ͨ͠·͢ɽ
ݚڀ΍ͦΕҎ֎ͷݚڀੜ׆ΛؚΊɼ༷ʑͳ৔໘Ͱద੾ͳ͝ࢦಋɼ͝ॿ
ݴΛ௖͖·ͨ͠ਆށେֶେֶӃ γεςϜ৘ใֶݚڀՊɾࡾӜ య೭ ಛ໋
ॿڭɼחా ेࡾ࿠ ߨࢣʹਂ͘ײँ͍ͨ͠·͢ɽ
ग़ுखଓΛ͸͡Ίɼ೔ࠒΑΓ༷ʑͳࣄ຿ɾձܭॲཧΛ͍͖ͯͨͩ͠·
ͨ͠ਆށେֶେֶӃ γεςϜ৘ใֶݚڀՊ ஌ೳ৘ใߨ࠲ Ӭాݚڀࣨ ൿ
ॻɾ௶Ҫ ࠼ ࢯʹײँ͍ͨ͠·͢ɽ
ຊݚڀͷୈ 2ষ͸גࣜձࣾ෋࢜௨ݚڀॴͱͷڞಉݚڀʹΑ࣮ͬͯࢪ͞
Ε·ͨ͠ɽ͝ࢧԉɾ͝ڠྗΛ௖͖·ͨؔ͠܎ऀͷํʑʹਂ͘ײँ͍ͨ͠
·͢ɽద੾ͳ͝ॿݴɼ͝ࢦಋΛ͍͖ͨͩ·ͨ͠גࣜձࣾ෋࢜௨ݚڀॴɾҪ
্३थ ࢯɼ৿ढ़඙ ࢯɼࠤ౻෋෉ ࢯɼࢁӜ৽࢘ ࢯɼʹ৺ΑΓײँ͍ͨ͠
·͢ɽ
ಉ͡ݚڀάϧʔϓͱͯ͠ɼ௚઀ͷ͝ॿݴɼ͝ࢦಋɼ͝ڠྗ͍͖ͨͩ·
ͨ͠ݱ৽೔మॅۚιϦϡʔγϣϯζגࣜձࣾɾӉࠤඒ ༑ ࢯɼݱτϤλࣗ
ಈंגࣜձࣾɾਆా ߁޹ ࢯʹਂ͘ײँ͍ͨ͠·͢.
ຊݚڀͷୈ 3ɼ4ষ͸૯຿লి೾ར༻੍౓ʹΑΔʮߴ଎ɾߴ඼࣭ͳແઢ
௨৴࣮ݱͷͨΊͷ̞̘νοϓϨϕϧͷ௿ϊΠζԽٕज़ͷݚڀ։ൃʯʹΑͬ
࣮ͯࢪ͞Ε·ͨ͠ɽ͝ࢧԉɾ͝ڠྗΛ௖͖·ͨؔ͠܎ऀͷํʑʹਂ͘ײ
ँ͍ͨ͠·͢ɽ೔ࠒΑΓɼଟେͳ͝ڠྗΛ௖͖·ͨ͠౦๺େֶɾࢁޱ ਖ਼
༸ ڭतɼౡా ׮ ٬һڭतɼԕ౻ ګ ।ڭतɼࣨլ ᠳ ॿڭɼాத ૱ ࢯɼ
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ᒩ ๠ ࢯɼઙ࠺ ༟ݾ ࢯɼࠤ౻ ণ޹ ࢯɼϧωαεΤϨΫτϩχΫεגࣜ
ձࣾɾງ ࿨໌ ࢯɼଜ্ ݩݾ ࢯɼதଜ ಞ ࢯɼদҪ ߒ໌ ࢯɼߔਆ ਖ਼࿨
ࢯɼϧωαεϞόΠϧגࣜձࣾɾߴڮ ֮ ࢯɼ๺ଜ ஐຬ ࢯɼ೔ຊిؾג
ࣜձࣾɾ൒ߌ ӳೋ ࢯɼؠ೾ ਸ਼थ ࢯɼ௩ຊ ݈ଠ ࢯɼNECτʔΩϯגࣜ
ձࣾ ۙ౻ ޾Ұ ࢯɼʹ৺ΑΓײँ͍ͨ͠·͢ɽ
ಉ͡ݚڀάϧʔϓͱͯ͠ৗ೔ࠒ͔Β࣮ݧɾղੳʹ͝ڠྗ͍͖ͨͩ·͠
ͨݱϧωαεΤϨΫτϩχΫεגࣜձࣾɾRae Lin ࢯɼݱιχʔגࣜձ
ࣾɾຘా ఩໵ ࢯɼݱגࣜձࣾσϯιʔɾ্ࢁ ৾Ұ࿠ ࢯɼݱגࣜձࣾχ
ϓϩϯɾࠓҪ ੟ ࢯɼਆށେֶ γεςϜ৘ใֶݚڀՊ ۼా ಞਓ ࢯɼా
լ ᠳଠ ࢯɼౡ࡚ ढ़հ ࢯ, ্ࡔ ७ฏ ࢯʹਂ͘ײँ͍ͨ͠·͢ɽ
ຊݚڀͷղੳͷҰ෦͸ɼApache Design Solutionsࣾ੡ͷTotem-MMXɼ
Sentinel-PSIΛ༻͍ͯߦ͍·ͨ͠ɽؔ܎ऀͷօ༷ʹײँ͍ͨ͠·͢ɽ
࣮ଌ΍ղੳख๏ʹ͓͍ͯ೤৺ͳ͝ࢦಋͱ͝ॿݴΛ௖͖·ͨ͠גࣜձࣾ
ΤΠΞʔϧςοΫɾখࡔ େี ࢯʹ৺ΑΓײँ͍ͨ͠·͢ɽ
ࣾձͷ৔Λ௨ͯ͠ɼஸೡͳ͝ࢦಋΛ͍͖ͨͩ·ͨ͠גࣜձࣾΤΠΞʔ
ϧςοΫ (ਆށେֶڞಉݚڀһ݉຿)ɾӹࢠ ߞҰ࿠ɼύφιχοΫגࣜձ
ࣾɾಓਖ਼ ࢤ࿠ ࢯʹײँ͍ͨ͠·͢ɽ
ৗ೔ࠒ͔Β༷ʑͳ͝ॿݴΛ௖͖·ͨ͠ɼݚڀࣨଔۀੜͰ͋Δݱϧωα
εΤϨΫτϩχΫεגࣜձࣾɾਂᖒ ޫ໻ ࢯɼদ໺ ఩࿕ ࢯɼྛ େޛ ࢯɼ
ݱגࣜձࣾ෋࢜௨ݚڀॴɾڮా ୓ࢤ ࢯɼݱύφιχοΫגࣜձࣾɾࡔ౦
ཁࢤ ࢯɼݱגࣜձࣾϝΨνοϓεɾᖒా ୎໵ ࢯʹײँ͍ͨ͠·͢ɽ
೔ࠒΑΓ͓ੈ࿩ʹͳΓɼ༷ʑͳ؍఺͔Β͝ҙݟΛ͍͖ͨͩ·ͨ͠ਆށ
େֶେֶӃ γεςϜ৘ใֶݚڀՊ ৘ใՊֶઐ߈ɾߥլ ༎थ ࢯɼ٢઒ ܆
ฏ ࢯʹײँ͍ͨ͠·͢ɽ
ಉ͡ݚڀࣨͰڞʹֶͼɼ೔ࠒΑΓ͓ੈ࿩ʹͳΓ·ͨ͠ਆށେֶେֶӃ
γεςϜ৘ใֶݚڀՊ ৘ใՊֶઐ߈ɾߴ୩ ૱ ࢯɼ౻ຊ େհ ࢯɼݱι
χʔגࣜձࣾɾాத ढ़জ ࢯʹײँ͍ͨ͠·͢ɽ
ຊݚڀࣨɼ৘ใՊֶઐ߈ ஌ೳ৘ใߨ࠲ Ӭాݚڀࣨͷօ༷ͳΒͼʹؔ܎
ऀͷํʑʹײँ͍ͨ͠·͢ɽ
͜Ε·ͰࢲΛࢧ͑ͯ͘Εͨ༑ਓୡɼࢲͷझຯͷ৔Ͱ͋Γ·ͨ͠ඒज़෦
྇ඒձɼίϯϐϡʔλ෦COCOAɼϩϘοτݚڀձ࿡ߕ͓Ζ͠ͷօ༷ɼߦ
͖͚͍ͭͯΔళͷళһͷօ༷ʹײँ͍ͨ͠·͢ɽ
࠷ޙʹɼࢲΛ͜͜·Ͱҭ͍ͯͯͩ͘͞·ͨ྆͠਌ɼͱ΋ʹҭܑͬͨͱ
ఋɼ·ͨԹ͔͘ݟकͬͯԼ͍͞·ͨ͠૆෕฼ɼ਌଒Ұಉʹ৺ΑΓͷײँ
Λக͠·͢ɽ
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